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Dear Sir: 

I, Edward G D Tuddenham, declare as follows: 

1 . I am Professor of Haemostasis at the Imperial College Faculty of Medicine, 
London, UK. I am familiar with the terminology used in the field of blood-derived factors, and 
with the nature of Factor VIII. I have been practicing in this field for thirty years. A copy of my 
curriculum vitae is attached. 

2. I have reviewed the above-referenced application in its entirety. This application 
nowhere describes the treatment of Factor VIII with thrombin or any other protease to effect its 
activation. At no location is "activated Factor VIIP referred to. If such treatment had been 
performed, the "Factor VHP would be referred to as "activated Factor VHT or some additional 
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description would be given to indicate that the Factor VIII as it would be found in plasma, or as 
it would be recombinantly produced using the gene encoding that found in plasma, had been 
treated with a protease. I have been told that the record in this application indicates that the US 
Patent Office ("the Office) agrees with the foregoing, and that the Office understands the claims 
as presently presented are directed to methods to prepare a stable, dried composition of "native" 
Factor VIII, i.e., they refer to a Factor VIII other than that "activated" by thrombin treatment. 

3. I have reviewed the Office action mailed 1 September 2004 and note the 
comments on page 6 stating that "the proteins (i.e., native Factor VIII and activated Factor VTII) 
possess numerous virtually identical amino acid sequences." However, substantial portions of 
the native form are missing from activated Factor VIII. Factor VIII is a heterodimer of a 
heterogeneous 90 - 2 1 0 kD heavy chain, having a 90 kD constant region and a variable region of 
up to 1 20 kD, and a light chain of 80 kD. This is the case whether the Factor VIII is in the form 
that circulates in the plasma, or the commercial form obtained from plasma, or the commercial 
form obtained by recombinant DNA techniques. However, activated Factor VIII is a 
heterofrimer containing only a portion of the native Factor V1H light chain (73 kD) and two 
fragments of the constant region of the heavy chain of 50 kD and 43 kD. Although some amino 
acid sequences are retained, they are rearranged and a very large portion (amounting to an 
average of 1 24 kD (out of a total heterodimeric mass of 290 kD)) is missing. Thus, almost half 
of the amino acid sequences of native Factor VIII are missing from activated Factor VIII. 

4. Page 6 also states "at the very least, Curtis establishes generally that Factor VIE 
has a therapeutic utility that can be preserved upon freeze-drying in the presence of trehalose." 
This is not entirely accurate. Curtis concerns only preservation of activated Factor VIII, which 
activated Factor VIII does have therapeutic activity, while native Factor VHI does not (absent 
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activation by protease). The behavior of the already active molecule is not informative with 
respect to the behavior of the circulating heterodimeric form, which represents native 
Factor VIII, since that form is not active at all. Indeed it is referred to in the literature as the 
'procofactor', which is analogous to the zymogen of the protease factor thrombin called 
prothrombin. Thus, even if Curtis showed that the activated form of Factor VUI, which itself has 
cofactor activity, could be stably preserved in the presence of trehalose, there is no scientific 
basis to extrapolate this to the native Factor VIII, which lacks such cofactor activity until 
proteolytically cleaved by thrombin. It simply does not follow. Great care is taken in the 
literature and in practice to distinguish between the inactive pro- forms of clotting factors and 
their activated forms as these have highly different properties. For example the activated forms 
are thrombogenic and have shortened half-lives in vivo. 

5. In my opinion, the activated form of Factor VIII and the native form of 
Factor VUI (as a circulating heterodimer) are sufficiently different that the physical behavior of 
one is not predictive of the physical behavior of the other. Not only is almost half of the amino 
acid sequence missing in the activated form; the arrangement of the remaining peptides is 
different. Instead of a heterodimer with a heterogeneous heavy chain of 90-2 10 kD and a light 
chain of 80 kD, the activated form is a trimer that is not heterogeneous and comprises two 
segments of 50 and 43 kD, as well as a 73 kD monomer. In view of the heterogeneity of the 
native Factor VUI and in view of its markedly different structure from activated Factor VUI, the 
behavior of these materials would be expected to be very different rather than similar. 

6. I have also reviewed U.S. Patent 5364,756 to Livesey, et at. I have noted that 
claim 1 7, dependent on claim 1 , specifies the material subjected to the process of claim 1 as 
Factor VIII. Claim 1 is directed to a method for preserving a suspension of biological material, 
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which comprises preparing a cryosolution using a suspension of biological material. With respect 
I submit that to chemists, pharmacologists and biologists a suspension means particulate matter 
held dispersed in some fluid, not a molecular substance dissolved in some aqueous solution. I aim 
familiar with the solubility of characteristics of Factor VIII and can verify that a suspension of 
Factor VIII as condensed perhaps crystalline particles could reasonably be prepared only by use 
of extremely high concentrations that are not realistically contemplated or by denaturing the 
protein. The suspensions exemplified in the Livesey patent are of insoluble materials such as 
cells or viruses. The description of Livesey is inappropriate to Factor VIII, which is alluded to, 
inexplicably, in a 'shopping list* of materials that reasonably relate to Livesey's process in 
column 4, lines 57-64. A skilled practitioner of the art, familiar with the characteristics of 
Factor VIII, would understand that the inclusion of Factor VIII in such a list in this context is 
clearly an error or an optimistic attempt to be all encompassing and hence over inclusive. 

I declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further, that these 
statements are made with the knowledge that willful, false statements and the like so niade are 
punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



Executed at London, United Kingdom, on 23 rd November 2004. 

(city) (state) (day) 



(name) 
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Structure of human factor VIII 

Gordon A. Vehar*, Bruce Keyf, Dan Eaton*, Henry . 
Donogh P. O'Brien*, Frances Rotblat*, Herman Oppermann*, Rodney Keck , 
William I. Wood*, Richard N. Harking Edward G. D. Tuddenham', 
Richard M. Lawn* & Daniel J. Capon* 



PREPARATIONS of factor VIH/von Willebrand factor com- 
plex'-' 2 contain four closely related properties or activities: 
factor VIII coagulant activity, an antigen associated with the 
factor VIII coagulant activity, platelet adhesion promoting 
activity and an antigen precipitated by antisera «J»d against 
the purified complex (factor Vlll-related protein). Factor VIII 
separated from the complex has associated trace amounts of 
protein, is unstable and consists of multiple polypeptide 
chains""' 7 hindering detailed characterization studies. 

The purification of human factor VIII by affinity to a mono- 
clonal antibody directed against the coagulant activity of factor 
YIII'* has allowed characterization of the protein fragments of 
factorVIII or thrombin-activated factor VIII by partial amino 
acid sequence analysis. This sequence information has been 
used to isolate cDNA and genomic clones encoding human 
factor VIIl"' 20 .The protein sequence deduced from these clones 
together with an analysis of the cleavage products associated 
with the activation of factor VIII by thrombin, allows the assign- 
ment of thrombin cleavage sites and the identification of mo« 
of the polypeptide fragments present in highly purified factor 
VIII prepan^ons. The factor VIII sequence exhibits striking 
homology with the plasma copper-binding proteta ^ntioplas- 
min, suggesting novel biochemical activities for factor VIII as 
well as a role for metal ions other than calcium in the blood 
coagulation cascade. - 
Analysis of plasma factor VIII 
Preparations of human factor VIII 18 purified over 300,000-fold 
from plasma contained several proteins of relative molecular 
mass (At) 210,000-80,000 (Fig. I A), These protein bands were 
not connected by disuiphide links because samples amUysed 
under non-reducing conditions gave a similar pattern (data not 
shown),To determine the relationship of these multiple polypep- 
tide chains, we analysed them by tryptic peptide mappmg.The 
preparation used in Fig- IB contained a protein of M r 240 >fiM, 
producing a peptide map which did not show identity with the 
other proteins of the mixture (Fig. IB, a), and has been found 
to be a von Willebiand factor subunit (data hot shown). Peptides 
of M 90 000-210,000 all had a common tryptic map, indicating 
that tney are derived from the same or closely related polypep- 
tide chains (Fig. IB. b-f). Furthermore, Western blot analysis 
0? the factor VIII preparations demonstrated mat a factorVni- 
specific monoclonal antibody'* reacted with the M r 90,000- 
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210,000 polypeptides (data not shown). Two very similar pat- 
terns generated by the proteins of M r 80,000 and 70,000 had a 
different peptide map (Fig. IB, g, h). These results demonstrate 
that the fragments of M, 90,000-210,000 are structurally related 
and could be pooled and treated as one polypeptide chain. The 
protein represented by the band of M, 80,000 (and 70.000 when 
present) was analysed separately. 

The purified factor VIII preparations were fractionated by 
E el filiation on a TSK4000SW HPLC column; analysis of the 
resulting fractions demonstrated the effective separation of 
M. 240,000 protein, the polypeptides of M, 90,000-2 10,000 and 
the M r 80.000 fragment (Fig. 2B). We performed amino. aad 
sequence analysis on peptides generated from the M, 80,000 
protein, the polypeptide pool of M r 90,000-210,000 and a frag- 
ment of M r 90.000 from limited thrombin digestion of the 
M 90 000-210,000 pool. After digestion of each sample with 
trypsin, the resulting peptides wer^sepanited by jeveree- 
phase HPLC and sequenced.. The peptide sequence 
AWAYFSDVDLEK, used to prepare synthetic DNA probes 
identifying factor VIII genomic DNA clones, is indicated in 
Fig,2C 

Structure of factor VHI protein 

The molecular cloning of the entire factor- VIII 1 coding region 
is described in an accompanying paper". The 2,351-amino acid 
sequence for factor VIII, deduced from the nucleotide sequence 
of these clones, is shown in Fig 3. The first 19 amino acids of 
the sequence comprise the signal Sequence for factorVIII, based 
oh peptide sequence analysis of a fragment denved from the 
M 90 000-210.000 polypeptide pool. The N-terminal sequence 
of 'this M,30,000 fragment, obtained as a thrombin digest Prod- 
uct of the Af r 90.000-210.000 pool, is identical to the ; first 12 
amino acids which follow the predicted factor VIII leader 
sequence (see Fig. 5). This presequence exhibits a corn of 10 
hydrophobic amino adds flanked by two charged residues, a 
sunicture which conforms to mat observed for the ««^rscquen- 
ces found in most secreted proteins 2 '. The mature protein con- 
tains 2.332 amino acids (calculated M. 264,763). 

Tne availability of the complete factor VIirsequenceTeveals 
the organization and identity of Ae tryphc pephdes obmined 
from the pools of separated plasma-derived factor VIII Irag- 
ments. Essentially all tryptic peptide sequences ^Umnnedfrom 
the M t 90,000-210,000 protein pools are located in the amino- 
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Fig. 1 At Purified human factor VIII analysed by SDS-polyacry" 
lamide gel electrophoresis. B, Two-dimensional tryptic mapping 
of factor VII I polypeptide chains. The resulting tryptic patterns of 
proteins of a, 240.000; b, 210,000; c, 170,000; < 150,000; e, 
I • 120,000; / 100,000; g, 80,000; and h, 70,000 are shown. 

Methods: The purified protein 18 was reduced and analysed in a 
5- 1 0% polyacryTamide gradient gel in the presence of SDS by the 
procedure of Laemmli . The molecular weights of the protein 
standards are shown (myosin, 0-galactosidase, phosphorylase B, 
bovine serum albumin and ovalbumin). The bands were detected 
using the silver stain procedure of Morrissey". Iu.g of a factor 
VIII preparation was denatured in 1% SDS and labelled with 
300 u,Ci '"I for 15 min using the iodobead procedure 5 *. Labelled 
polypeptides were located on dried. SDS-polyacrylamide gels by 
autoradiography and digested by incubation of gel slices with 1 0 u-g 
trypsin in 0.1 M ammonium bicarbonate buffer for 6h at 37"C. 
After repeated lyophilizations, peptides were dissolved in 8.8% 
formic acip* and a portion was subjected to thin-layer elec- 
trophoresis in the same buffer (400 V for 45 min) on pre-coated 
TLC-cellulose platers (E Merck, Darmstadt, FRG). For the second 
dimension, peptides were separated by ascending chromatography 
in n-butanol/pyridine/glacial acetic acid/water, 75:50:15 : 60 
(v/v). The plates were then subjected to autoradiography. 

:v terminal half of the molecule, whereas those sequences obtained 

for the M T 80,000 fragment are found at the carhoxy-terminus 
of the factor VIII sequence (unpublished results). The most 
carboxy-terminal tryptic peptides identified for the Af r 90i000- 
210,000 pool gave the sequences GEFT add -QEB, beginning 

* ' . at positions 1,155 and l 9 1 94, respectively. This shows that the 
M r 210,000 fragment consists of a protein of M f > 135,000 con- 
taining 14 potential asparagine-linked glycosyiation sites. The 
location of the Af r 80,000 fragment of factor VIII is delineated 
by two peptide sequences which define a stretch of ~680 amino 
acids. The first of these was obtained from the amino-terminal 

* sequence of the M T 80,000 fragment beginning at position 1,649 

(see Fig. 5), whereas the second corresponds to a tryptic peptide, 
MEVLGCEAQDL, 12 amino acids from the C-terminus predic- 

y ted by the DNA sequence. Thus, there is no significant removal 

of C-terminal sequences from the plasma-derived molecule. The 
failure to recover tryptic peptide sequences from the region 
between position 1,200 and the M f 80,000 fragment is probably 
due to the relatively low concentration of the M r 21 0,000 species 
in the M r 90,000-210,000 fragment pool. This position should 
therefore be considered the minimal C-terminal extent of the 
M T 210,000 protein. 

Computer-aided analysis of the factor VIII protein sequence 
revealed two types of internal homology: the first consists of a 
triplicated segment (A domain) found at positions 1-329, 380- 
711 and 1,649-2,019 of the mature polypeptide (Fig. 4); the 
second and third domains of the triplication are separated by a 
region of 983 amino acids (B domain) extremely rich in potential 
asparagine-linked glycosyiation sites. In addition, an unrelated 
duplication of 1 50 amino acids is found at the G-terminus of the 
molecule (C domain). The A domains have —30% amino acid 
homology, whereas the C domains are -40% homologous. Most 
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Rg. 2 Purification of factor VIII polypeptides. A, Fractionation, 
of proteins by TS K 4000 HPLC B, SDS-polyacrylamide gel analy- - 
sis of fractions from TSK 4000 chromatography. Q Reverse-phase 
HPLC separation of tryptic peptides of M T 80,000 protein. i 
Methods:/!, Human factor VIII preparations' 8 were dialysed into 
1% ammonium bicarbonate containing 0.1% SDS. The samples 
were lyophflized and stored at -20°C until use. The samples were 
reconstituted in distilled water and applied to a TSK 4000 SW 
column (0.75 x 50 cm; AUtech Associates, Deerfield, Illinois) 
equilibrated with 0. 1 M sodium phosphate bufier, p H 7.0, contain- 
ing 0.1% SDS. Samples of ~0.l5-0.25 ml were injected and the 
column developed isocratically at a flow rate of OS ml muT 1 . 
Absorbance was monitored at either. 206 nm or 280 nm and frac- 
tions (02 nil) collected. Fractions across the profile were reduced 
and analysed by SDS-polyacrylamide gel electrophoresis as 4 
described in Fig. I legend. The protein of M t 80,000 was pooled 
for tryptic digestion as shown in A Q The TSK 4000 SW purified 
protein of M r 80,000 (0.8 nM) was dialysed under a nitrogen atmos- 
phere overnight against 036 M Tris-HCI, pH 8.6, containing 8 M 
urea, 33 mM EDTA and 10 mM dithiothreitol, DTT (final vol. 
I J ml). The protein was alkylated by adding 1 5 uJ of 5 M iodoacetic ^ 
acid (dissolved in I M NaOH). The reaction was allowed to pro- 
ceed for 35 min at room temperature in the dark and was quenched I 
by adding DTT to a final concentration of 100 mM. The protein [ 
solution was. dialysed against 8 M urea in 0.1 M ammonium bicar- 
bonate for 4 h. The urea dialysis solution was changed over a ) 
period of 24 h to gradually reduce the urea concentration to a final 
level of 0.5 M. Trypsin was added at a weight ratio of 1 : 50 at 37^ 
for I2h. HPLC. separation, of the resulting tryptic peptides was. ^ 
performed On a high- resolution Synchropak RP-P C-I8 column i 
(0.46x25 an; I0|&JL The column was developed with a gradient 
of acetonltrile (1-70% in 200 min) in 0.1% trifluoroacetic acid. 
Absorbance was monitored at 2 1 0 nm and 280 nm . Each peak was I. 
collected and stored at 4*C until subjected to sequence analysis in 
a Beckman spinning cup sequencer with on-line phenylthiohydan- 
toin amino acid identification 40 . The arrow identifies the peptide * 
(AWAYFSDVDLEK) resulting in identification of a factor VIII 
genomic clone 1 '* 20 . 
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Fig. 3 Homology of human factor 562 
VI II with human ceruloplasmin. cgrsensus 
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of the 23 cysteine residues of the mature polypeptide are 
clustered in the A and C domains and occupy similar positions 
Fig- 6), suggesting that the structures of both repeated domains 
of factor VIII reflect conserved disulphide bonding arrange- 
ments. • ■ ■ „ . 

The A domains of the factor VIII protein show sinking 
homology with the copper-binding plasma protein ceruloplas- 
min (Fig. 3). Amino acid sequence analysis of ceruloplasmin 
has revealed a structure consisting of three contiguous domains 
sharing -30% homology"- 24 . The triplicated domains of factor 
VIII and ceruloplasmin exhibit a pairwise homology of 30% 
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(Fig 4), Although the B domain has no substantial homology 
with any known sequence, the C domain shares 20% amino 
acid homology with the discoidin lectins from DictyosteUum . 

Ceruloplasmin contains six copper atoms in three distinct 
types of coordination: two of type I. one of type 2 and three 
electron paramagnetic resonance-nondetectable type 3 copper 
ions 26 . The type I copper ions are thought to bind to the 
carboxy-terminal portion of the domains of ceruloplasmin 
(domain residues 240-350; Fig. 4) based on sequence homology 
with the type 1 copper-binding protein plastocyanin . The, Tour 
amino acid side chains proposed as the Hgands for the type I 




Fig. 4 Domain homology of human factor 
YIII and human ceruloplasmin . Identical 
residues in four of the six domains are boxed. 
The protein is indicated to the left of the lines 
(VIII, factor VIII; Cp, ceroloplasmin) with the 
associated number indicating the position in 
the sequence of the first amino acid of the line. 
A domain residue numbering system is shown 
above the sequences. * Residues believed to be 
the ligands for type 1 copper phased on 
homology to plastocyamn ). 



copper atoms of ceruloplasmin are found in the first and third 
A domains of factor VIII (histidines 287 and 338, cysteine 333 
and methionine 343 ; see Fig. 4). The conservation of the copper- 
Iigand residues found in ceruloplasmin strongly suggests similar 
metal binding characteristics for factor VIII. 

Thrombin cleavage 

The coagulant activity of factor VIII is increased markedly by 
treatment with catalytic amounts of the serine protease throm- 
bin 28 . Thrombin activation of factor VIII is associated with a 
series of polypeptide cleavages 13 " 17 . Further incubation with 
thrombin leads to degradation of the protein with a concomitant 
loss of coagulant activity 13 " 17 . To understand the structural basis 
for these observations, the separated pools of factor VIII frag- 
ments were subjected to thrombin digestion and the resulting 
products characterized by SDS-polyacrylamide gel elec- 
trophoresis. Thrombin digestion of the Af r 80,000 protein resul- 
ted in a product of M T 73,000 (Fig. 5 A). Treatment of the 
polypeptide pool of Af r 90,000-2 10,000 led initially to the 
appearance of two bands of M r 43,000 and 50,000 (Fig. 5A). 
Longer incubation with thrombin resulted in the conversion of 
the M r 50,000 fragment to polypeptides of M r 30,000 and 20,000 
(data not shown). The M r values of these thrombin digest 
fragments are similar to those generated by thrombin treatment 
of native factor VHI preparations 13 - 13 - 16 . Amino-tenninal 
sequence analysis was performed on the separated protein 
chains before and after thrombin digestion. The resulting 
sequences are compared with the corresponding amino acid 
sequences deduced from the factor VIII cDNA sequence 19 in 
Fig. SB; also shown are the potential cleavage sites found at 
the ammo-terminus of the M r 80,000 protein and that which 
separates the M t 90,000 fragment from the carboxy-terminal 
portion of the M r 210,000 protein; The sequence surrounding 
the latter potential cleavage site (position 740) is similar to the 
ammo-terminal sequence of the. M f 70,000 protein (-PRSF— 
RH-) (Fig. SB). There is no other consensus sequence that would 
predict the specificity of thrombin cleavage. A homologous 
stretch preceeding the thrombin cleavage sites for the M x 43,000 
and 73,000 proteins is observed (Fig 5£), but whether this 
homology determines thrombin specificity or simply reflects the 
internal duplication is uncertain. The most consistent sequence 
found at thrombin cleavage sites within factor VIII is an arginine 
residue followed by either serine or alanine. Other such sequen- 
ces (-RS- or -RA-) do occur within the protein but are not 
cleaved, suggesting the possible involvement of secondary struc- 
ture in thrombin specificity. The cleavage that frees the M r 80,000 
protein occurs at an arginine-glutamic acid sequence, probably 
not a thrombin-generated cleavage site. This cleavage occurs 



quickly and is complete within the time required for isolation 
of the protein. The precursor factor VIII protein therefore may 
be cleaved to free the Nf r 80,000 polypeptide by a protease other 
than thrombin. 

Discussion 

The structure of factor VIII revealed by the amino acid sequence 
predicted from the cloned cDNA and the structural characteriz- 
ation of polypeptide fragments described here are summarized 
in Fig. 6. The size of the factor VIII precursor moiety is consistent 
with the reported isolation of single-chain M T 330,000 protein 
from plasma 18 and supports the notion that the protein circulates 
as a high-molecular weight form that is readily cleaved in plasma 
and/or during isolation to a series of degradation products. 

The primary structure of factor VIII exhibits three distinct 
types of structural domain, including a triplicated region of 
-330 amino acids (A domains), a unique region of 980 amino 
acids (the B domain) and a carboxy-terrninal duplicated region 
of 150 amino acids (C domains), which are arranged in the 
order A1-.A2-B-A3-C1-C2 (Fig. 6). The A domains of factor 
VIII show significant homology to ceruloplasmin, consisting 
also of a triplicated structure of three A domains but lacking 
both B and C domains 22 * 24 . Particularly striking is the clustering 
of cysteine residues at similar locations within related structural 
domains of factor VIII (Fig. 6). The determination of disulphide 
pairings for ceruloplasmin 23 - 29 . predicts two types of internal 
disulphide bonding arrangements for the A domains of factor 
VIII. The disulphide structure proposed for the C domains of 
factor VIII is based on the proposition that the disulphide 
Iinkgages form between the two cysteine residues found in each 
domain. The large B domain which separates the second and 
third A domains of factor VIII contains only four cysteine 
residues, but the presence of 19 asparagine-iinked glycosylation 
sites suggests that this region is extensively modified by carbohy- 
drate addition. 

The activation of factor X by factor IX, in conjunction with 
factor VIII is known to require calcium ions. Factor IX, and 
factor X both contain y-carboxyglutamic acid residues which 
are thought to be involved in calcium binding. The protein- 
bound calcium ions mediate the interaction of these proteins 
with, the phospholipid surface. The homology of factor VIII 
with ceruioplasmin suggests the possible involvement of copper 
or other metal ions in the role of factor VIII in factor X 
activation. One possibility for the role of such metal ion involve- 
ment is suggested, by the binding of lanthanide ions by y- 
carboxyglutamic acid residues 30 . It is interesting to speculate 
that the potential copper-binding ligands of factor VIII interact 
with a metal ion jointly bound by the y-carboxyglutamate 
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Tig. 5 A Thrombin cleavage of separated factor VIII P^P^ 
fractions/B, Alignment of thrombin-generated amino tenmni with 
the deduced amino acid sequence' . 

Methods: * The factor VIII polypeptides were separated as 
desm-bed in legend to Fig. 2A SDS was removed by dialysis of 
the fractions against 8M urea solutions and urea removed by 
dialysis against 0.01 M Tris, pH 8.0. Thrombin was then added at 
weight ratios to a maximum of 1 :20. The digestions were allowed 
To proceed at room temperature and the extent ofdeavagewas 
monitored by SDS-gel electrophoresis. Lanes 1 and 2 are the M 
™W> protein with and without mrombin, respectivetyj laws 3 
and 4 am the M, 90.000-210.000 proton without and with throm- 
bin respectively. B, Thrombin digestion products were separated 
by p™»rative SDigel electrophoresis, electrocuted by the pro- 
orfuraof Honkapiller ««/.*' and analysed on .Beckman spinning 
cup sequencer* The M, 80.000 protein was obtained by TSK 
Ziration as described for Fig. 2A The thrombin cleavage site is 
XaTed by a space in the cDNA deduced sequence^ The number 
^bovTthe Subsequent amino acid corresponds to the pos.hon of 
Stat residue in the Unear sequence. The ammo-terminal proton 
,Muences for the various polypeptide chains are aligned under 

be identified; X, positions where the wrong ammo acid was deter- 
mined The relative molecular masses of the protems separaud 
are listed (30K is the amino terminus obtained for the (d-cMed, 
Sypeptide with a M, of 30.000); solidi indicate cleavage products 
{for example 50/43 indicates the cleavage which separates the 
M 50^» and 43,000 species). Region, which share sequence 
' ' homology are boxed. 

residues of factors IX or X. In addition to copper transport and 
haemostatis, several enzymatic functions have been ascnbedto 
ceruloplasmin, including ferroxidase activity ammo oxidase 
atSand superoxide dismutase activity J '- ,< . M will be impor- 
S determine whether any of these activities are associated 

W te a ?m[n^"nninal sequence of factor VIII thrombin frag- 
ments and the homology of factor VIII with ^M«»» n 
orovide insiftht into a functional purpose for the cleavages. 
Kr Vm S toted from plasma is usually degraded. In certain 
Karations. small amounts of a M r 330,000 protein were 
Wed whe6 analysed on SDS-polyacrylamide gels run under 
Kdudng conditions; this protein was not observed when 
factor VIII samples were reduced before electrophoresis. 
- reducible 330.000 may be a disulphide-linked, limited pro- 
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Fig. « Une diagram of factor VIII precursor protcto The 
molecular masses of the various fragments as determined by SDS- 
^Vcrylamidegdeiectrophoresisare^^ 
from the actual amino add composition 19 is given in parentheses) 
T*e positions of potential asparagine-linked glyc^ylaUon sites 
and cysteine residues are shown, The positions of the ^throm «n 
fragments and residue numbers of aroino-terminal ammo acids are 
Kven ^he position of cleavage of the M r 90,000 protein has 
not b^n determined and is suggested. Boxes, the tnp ica ed 
domains homologous to ceruloplasmin as well as the duplicated 
domain. 

teolytic degradation product of a single-chain Af r 330/KK) factor 
VIII molecule first reported by Tuddenham el aV . The portion 
of the protein immediately prior to the M, 80 000 pr« 
thus be a disulphide linker region which holds the H 210,000 
and 80,000 regions (or larger precursors) in the reducible ; 330 000 
form ExDOSure of plasma-derived protem preparations to 
[hTmbfnS t activation of the factor VIU coagulan 
atfvTty and the appearance of the band at M r 90,000 (residues 
1-740) due to the removal of the B domain or its fragm* 11 * 5 - 
Thrombin further cleaves both the M,80,000 and 9QJ0O pro- 
teins. The M,80,000 protein is cleaved after residue ^689 
releasine a M. 4,500 peptide containing one potential asparagine 
2S g ation si e. ThtepeptWe is highly acidic, contatning 15 
fSc and glutamicacid residues and ody 4 lysine oraxgmine 
residues out of a total of 41 amino adds. Thrombin cleavage of 
S^Jw to J* 50,000 and 43,000 products o~urs 

between the fin* two A domains of factor VIII after an acidic 
soacer region (15 aspartic and glutamic acid residues; 4 
&Sne; total 'of -42 amino acids) having ^ome 
sequence homology with the acidic peptide deav«I from the 
M, 80,000 protein (Fig. 5B). Further cleavage of the M r 50 000 
^teintdomainresiduea^Rg. 4) occurs >™*^J™?$ 
ing the region having sequence homology with plastocyanin 
thereby freeing this potential metal-bindmg domain 

Factor VIII has many properties in common "^^S 
protein factor V* 4 " 14 . These protons <™<»<> a . m «*. ' n «"£* 
Coagulation cascade with an activated vitamin ^-dependent 
~ag\i.ation protein (factors IX. and X. for factors VIII and V 
r^pectively), a phospholipid surface and calc.um ions. These 
r^mnlex« result in the spedfic activation of a second viUm n 
HetndlnT^la^on^tein (factor X and prothrombin 
for faS VIH and V, respectively). Factor VIII and factor V 
are *T P r«L of M r > ^,000; they are cleaved by a series 
of thrombin-catalysed events to generate proteins of 
?from the amino termini) and M, 80,000 (from the carboxy 
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termini) from a single-chain circuk .g form. By analogy with 
factor V, the Af r 90,000 and 80,000 proteins would correspond 
to fragments D and E of factor V, respectively 3 . These two 
fragments of factor V can be separated from the activaUon 
peptides and isolated as a functional two-sub-unit protein 
Both subunits are required for factor y activity 3 and both may 
be required for factor VIII activity. A highly glycosylated inter- 
mediate region is cleaved from both proteins. Therefore, both 
factors V and VIII seem to be highly similar in structure, throm- 
bin cleavage pattern and, presumably, function. 

The studies described here provide a structural basis for 
defining the role of the diverse molecular forms of factor VIII 
in their interaction with other proteins of the coagulation cas- 
cade. The availability of complete factor VIII cDNA clones 
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capable of programm ecombinant factor VIII synthesis in 
mammalian cell cultures 19 will offer a unique opportunity to 
perform similar studies with the single-chain precursor molecule. 
The questions raised here concerning the relationship of process- 
ing events, structural domains and homology to ceruloplasmin 
with the biological function of factor VIII may be answered by 
studying structural changes introduced into the protein by 
modification of these cloned DNA sequences. 
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Molecular cloning of a cDNA encoding 
human antihaemophilic factor 

John J. Toole, John L. Knopf, John M. Wozney, Lisa A. Sulteman, Janet L. Buecker, 
Debra D. Pittman, Randal J. Kaufman, Eugene Brown, Charles Shoemaker, 
Elizabeth C. Orr, Godfrey W. Amphlett, W. Barry Foster, Mary Lou Coe, 
Gaylord J. Knutson*, DaVid N. Fass* & Rodney M. Hewick 

« Genetics Institute, Inc, 225 tongwood Ayenoe. Boston, Massachusetts (6n f»"f A 

♦ Hematology Research Section, Mayo CJinic/Fbundation, Rochester, Minnesota 55905, USA 

A complete copy of the mRNA sequences encoding human coagulation factor VIII: C has been cloned f^™ s ?*'j' Z?* 
DNA sequence predicts a single chain precursor of 2,351 amino acids with a relative molecular mass Mr) ™ 
protein has an obvious domain structure, contains sequence repeats and is structurally related to factor V and ceruloplasmin. 



Haemophilia A is a bleeding disorder caused by deficiency 
or abnormality of a particular dotting protein, factor VIII :C' 
occurring in about 10-20 males in every 100,000. Afflicted 
individuals suffer episodes of uncontrolled bleeding and are 
treated currently with concentrates rich in factor VIII : C derived 
from human plasma. The available therapy, although reasonably 
effective, is very costly and is associated with a finite risk of 
infections. We report here significant progress in the use of 
recombinant DNA technology to provide pure human factor 
VIII : C as an alternative treatment for haemophiliacs. 

Blood dotting begins with injury to a blood vessel. The 
damaged vessel wall causes adherence and accumulation of 
platelets activating the plasma proteins which initiate the coagu- 
lation process. Sequential activation, via specific proteolytic 
deavages and conformational changes, of a series of proteins 
comprising the coagulation cascade eventually leads to deposi- 



tion of insoluble fibrin which, together with aggregated platelets, 
curtails the escape of blood through the damaged vessel wall. 
Factor VIII :C is a large plasma glycoprotein that functions in 
the blood coagulation cascade as the cofactor for the factor 
IXa-dependent activation of factor X. It can be activated pro- 
teolytically by a variety of coagulation enzymes induding 
thrombin 2 . . 

In order to provide factor VIII :C for treatment of 
haemophiliacs we doned a full-length cDNA. A major obstade 
to the cloning effort was the large size of the protein, estimated 
to be at least M T 250,000. Purification of factor VIII :C from 
plasma 3 is made difficult by its low abundance, its extreme 
sensitivity to degradation by serum proteases and its tight assod- 
ation with polymeric forms of the more abundant protein, von 
Willebrand factor. Fass et aL 4 have described a purification 
procedure for porcine factor VIII : C using monoclonal antibody 



The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 
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HEARD: August 8, 2006 

Before ADAMS, MILLS and GREEN, Administrative Patent Judges. 
ADAMS, Administrative Patent Judge . 

DECISION ON APPEAL 
This is a decision on the appeal under 35 U.S.C. § 134 from the 

examiner's final rejection of claims 14-16 and 20-22, which are all the claims 

pending in the application. 

Claim 14 is illustrative of the subject matter on appeal and is reproduced 

below. 

14. A method for preparing a stable dried composition of native Factor 
VIII containing a stabilizing amount of trehalose in the absence of a 
stabilizing amount of albumin which method comprises freeze-drying 
an aliquot of aqueous solution of Factor VIII containing trehalose and 
free of albumin. 
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The references relied upon by the examiner are: 



Bhattacharva et al. (Bhattacharva) 
Livesey et al. (Livesey) 
Curtis et al. (Curtis) 



5,288,853 
5,364,756 
5,824,780 



Feb. 22, 1994 
Nov. 15, 1994 
Oct. 20,1998 



GROUND OF REJECTION 



Claims 14-16 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over the combination of Curtis and Livesey. 

Claims 14-16 and 20-22 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over the combination of Curtis, Livesey and Bhattacharva. 

We reverse. 



The combination of Curtis , and Livesey: 

According to the examiner (Answer, page 3), Curtis describes a process 
of producing a stabilized preparation of activated Factor VIII 1 that is free of 
albumin. In this regard, the examiner finds that Curtis teaches the use of 
trehalose, as an alternative to albumin, to stabilize the activated Factor VIII in 
the preparation. |d. The examiner also finds, that Curtis teaches that the 
preparation of stabilized activated Factor VIII can be lyophilized for storage. 
Answer, bridging paragraph, pages 3-4. The examiner recognizes, however, 
that Curtis differs from appellant's claimed invention "by failing to describe the 
lyophilization of native Factor Vlll." Answer, page 4. 



DISCUSSION 



1 Curtis discloses the use of Factor Vlll obtained from human plasma or from recombinant 
sources. Column 2, lines 55-63. 
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The examiner relies on Livesey to make up for the deficiency in Curtis. 
According to the examiner, Livesey "provides motivation for lyophilizing 'native' 
Factor VIII in trehalose without albumin by not only claiming a specific 
embodiment (claim 17) of lyophilizing Factor Vlll (21 , but also disclosing [(column 
9, lines 16-24)] that trehalose, and not albumin, is one of a number of agents 
particularly suited to dry preservation of macromolecules such as proteins." 3 
Answer, page 4. 

Based on this evidence, the examiner concludes (Answer, page 5), 

the artisan of ordinary skill seeking to preserve the "native" Factor 
VIII encompassed by Livesey's claim 17, recognizing that Factor 
VIII is a protein, clearly would have looked to trehalose instead of 
albumin, based on Livesey's disclosure that trehalose is one of a 
number of agents particularly suited for protein protection in 
freeze-drying procedures, and albumin is not. Additional motivation 
for freeze-drying Factor VIII using trehalose in the absence of 
albumin would have been derived from the fact that the lone 
example of protein freeze-drying of Livesey, Example 5 at columns 
23 and 24, demonstrates that the integrity of a protein containing 
viral vaccine is adequately protected by trehalose in buffer with no 
other preservative agents. 

Appellant does not dispute that Curtis teaches "a method for preparing a 
purified and stable activated Factor VIIL" Brief, page 6. Appellant argues, 
however, "any teaching regarding how activated Factor VIII might be stabilized 



2 For clarity, we note that Livesey's specification and claim 17, refer to Factor VIII without 
reference to whether this blood factor is in its native or activated form. As we understand the 
examiner's argument, the examiner has interpreted this reference to Factor VIII as a generic 
reference to both the native and activated forms of Factor VIII. 

3 For the reasons that follow, we disagree with the examiner's interpretation of this disclosure of 
Livesey. 
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when freeze-dried is irrelevant to the behavior of native Factor VIII." 4 id. In this 
regard, appellant points out that Curtis does not teach a freeze-dried preparation 
of native Factor VIII as required by appellant's claimed invention. Brief, page 5. 
With reference to the Helgerson and Tuddenham Declarations, appellant asserts 
that there are "considerable differences in characteristics and behavior between 
native and activated Factor VIII." Brief, bridging paragraph, pages 6-7. Upon 
consideration of the Helgerson Declaration and the Tuddenham Declaration, we 
find that both Declarations assert that one of ordinary skill in the art would not 
have a reasonable expectation of success in extrapolating the methodology 
applied to activated Factor VIII to the native form of Factor VIII. See ej^ 
Tuddenham Declaration, paragraphs 5-6; and Helgerson Declaration, paragraph 
3. 

In this regard, we note that Helgerson, a co-inventor on the Curtis patent, 
declares (paragraph 3), the work related to the Curtis patent was limited to the 
activated form of Factor III. According to Helgerson QdJ, "[bjecause the two 
protein forms are so different from one another, the attributes of, uses of, and 
techniques involving one may not simply extrapolated [sic] to the other." In our 
opinion, this is compelling insight into what a person of ordinary skill in the art . 
would have gleaned form the disclosure of the Curtis patent. 

The examiner attempts to refute the testimony set forth in the Tuddenham 
and Helgerson Declarations by asserting (Answer, bridging paragraph, pages 9- 



4 We recognize appellant's argument regarding the preparation of a composition that is stable 
without the need for refrigeration. Brief, page 6. There is, however, no specific temperature 
requirement in any of appellant's claims. Accordingly, we are not persuaded by this argument. 
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10), "[t]he fact that trehalose can be used to preserve both native and activated 
factor VIII demonstrates that trehalose is recognized by the art as being a 
cryoprotectant suitable in a number of varied applications." In this regard, we 
agree with Helgerson (Declaration, paragraph 3), that the examiner has 
overstepped the evidence on this record. While it is undisputed that Curtis 
discloses a method for preparing a purified and stable activated Factor VIII, as 
appellant points out - the evidence with regard to Livesey is not as persuasive 
as the examiner makes it out. According to appellant (Reply Brief, page 4), 
"Livesey does not teach the reader that trehalose, on its own and without 
albumin, can be used to stabilize Factor VIM." In this regard, we note the 
examiner's reliance on claim 17, and column 9, lines16-24 of Livesey to teach 
that the biological material comprises Factor VIII. 5 Answer, page 4. Claim 17 
depends directly from claim 1 - but claim 1 does not limit the "cyroprotectant" to 
be used. In this regard, we direct the examiner's attention to Livesey's claim 8, 
which depends ultimately from claim 1 and further limits the cyroprotectant to "a 
vitrification solution comprising a mixture of various chemicals. Thus, 
consistent with Livesey's specification, the cyroprotectants are contemplated to 
be used "alone or in combination with other cyroprotectants or with additional 
components. . . " (Livesey, column 9, lines 33-34) including albumin (Livesey, 
column 9, lines 5-15). 

s Interestingly enough, the examiner does not address what is encompassed by the term 
"comprises'' as it appears in claim 17 of Livesey, which opens the claim to the inclusion of other 
components including e.g., albumin. In addition, we note that the only other disclosure of Factor 
VIII in Livesey appears at column 4, lines 57-64, wherein Livesey discloses that u [t]he present 
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As we understand Livesey, the reference does not disclose or suggest 
that trehalose by itself can be used stabilize or preserve native Factor VIII, 
instead Livesey discloses (column 4, lines 5-9), "[b]y the proper selection of 
cryoprotective agents and the use of preselected drying parameters, almost any 
biological sample in suspension can be cryoprepared for a suitable desired end 
use." In this regard, we note that Livesey discloses (column 9, lines 5-1 1 ), 
a [v]arious cryoprotectants can be used in the present invention. These include . 
. . trehalose . . . human serum albumin and combinations thereof." 

Therefore, contrary to the examiner's assertions, the evidence of record 
does not paint as clear a picture as the examiner would have us believe. To 
establish a prima facie case of obviousness, there must be both some 
suggestion or motivation to modify the references or combine reference 
teachings and a reasonable expectation of success. In re Vaeck, 947 F.2d 488, 
493, 20 USPQ2d 1438, 1442 (Fed. Cir. 1991). The evidence on this record 
leads us to conclude that in method such as that set forth appellants* claimed 
invention a person of ordinary skill in the art would not have reasonably 
expected that trehalose, in the absence of albumin, would have stabilized native 
Factor VIII. 

For the foregoing reasons we reverse the rejection of claims 14-16 under 
35 U.S.C. § 103(a) as being unpatentable over the combination of Curtis and 
Livesey. 



invention can be used to preserve many different types of biological materials. It is anticipated 
that the method can be used to preserve materials such as . . . Factor VIII " 



Appeal No. 2006-1335 Page 7 

Application No. 09/888,734 

The combination of Curtis. Livesev and Bhattacharva : 

The examiner relies on the combination of Curtis and Livesey as set forth 
above. According to the examiner, the combination of Curtis and Livesey does 
not teach the subject matter of claims 20, 21 and 22, which depend from claims 
14, 15 and 16 respectively. To make up for this deficiency the examiner relies 
on Bhattacharva 

Appellant does not dispute the examiner's findings with regard to 
Bhattacharva. Instead, appellants assert (Brief, page 19), "[t]he rejection on this 
basis is believed in error for the same reasons as those set forth above with 
regard to [the combination of] Curtis and Livesey — " We agree. 

The examiner relies on Bhattacharva to teach "that histidine is a preferred 
buffer for use in Factor VIII preparations to be lyophilized." Answer, page 6. In 
our opinion, Bhattacharva fails to make up for the deficiency in the combination 
of Curtis and Livesey as discussed above. Accordingly, we reverse the rejection 
of claims 14-16 and 20-22 under 35 U.S.C. § 103(a) as being unpatentable over 
the combination of Curtis, Livesey and Bhattacharva. 
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SUMMARY 



Page 



The rejections of record are reverse. 

REVERSED 




Donald E. Adams 
Administrative Patent Judge 

Demetra J. Milts 
Administrative Patent Judge 

WK^ — 

_ora M. Green 
Administrative Patent Judge 
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Factor VIII-Baxter: rAHF-PFM, recombinant anti- 
haemophilic factor-protein-free method, recombinant factor 
Vlll-protein-free. 

[No authors listed] 

Baxter Healthcare is developing a next-generation recombinant factor VIII 
for the treatment of haemophilia A that is produced using a totally protein- 
free manufacturing process. By excluding proteins or raw materials derived 
from human or animal sources in the final product, the risk of transmission 
of potentially infectious agents is removed. All of the recombinant factor 
VIII products currently on the market incorporate proteins or raw materials 
derived from either human or animal sources, as part of the nutrients 
required for the cells to produce the protein. Baxter has exclusive rights to 
Quadrant Healthcare's factor VIII stabilisation technology. Quadrant 
received 1 million US dollars under the agreement, and was to receive 
milestone payments in excess of 2 million US dollars, together with 
royalties on sales should a new factor VIII product using Quadrant's 
technology reach the market. In December 2000, Quadrant Healthcare was 
acquired by Elan Drug Delivery (Elan Corporation), which continued to 
develop the proprietary formulation and stabilisation technologies of 
Quadrant. In July 2003, the newly formed company Quadrant Technologies 
acquired Elan Drug Delivery from Elan Corporation and renamed it 
Quadrant Drug Delivery. In July 2003, the US FDA approved the use of 
AD V ATE for the prevention and control of bleeding episodes in people 
with haemophilia A. At the Bear Steams 16th Annual Healthcare 
Conference held in September 2003, Baxter reported that AD V ATE was 
launched in August 2003 in the US. A pivotal phase III clinical trial of this 
recombinant factor VIII therapy, initiated in 89 previously untreated patients 
with haemophilia A, has been completed at sites in the US, UK, Sweden, 
France, Belgium, Germany, Denmark and Italy. This trial compared the 
pharmacokinetics, tolerability and immunogenicity of this therapy with 
Baxter's currently marketed recombinant factor VIII preparation, 
Recombinate trade mark. The first clinical data that were presented on this 
agent at the XXV International Congress of the World Federation of 
Hemophilia meeting indicate that Baxter's next-generation recombinant 
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factor VIII is bioequivalant with Recombinate trade mark. The two agents 
should have comparable efficacy. A Marketing Authorisation Application 
(MAA) was submitted to the EU EMEA and regulatory filings were made in 
Canada in September 2002. The submission was made via the centralised 
procedure. Should the new-generation product reach the market, Baxter will 
continue to offer Recombinate trade mark as well as plasma-derived factor 
VIII products. Preliminary study results announced in July 2003 show that 
factor VIII therapy was effective in controlling bleeding episodes in patients 
with severe and moderately severe haemophilia A who were previously 
treated, or had undergone surgery. 

Publication Types: 
• Review 

PMID: 14584967 [PubMed - indexed for MEDLINE] 



Display ) Abstract 



B Show polg lSortby [BjS endto H 



Write to the Help Desk 
NCBI [ NLM | NIH 



Department of Health & Human Services 
Privacy Statement | Freedom of Information Act | Disclaimer 



Sep 13 2006 12:27:35 



http://www.ncbi.nlm.nih^ 9/20/2006 



Entrez PubMed 



Page 1 of 2 




AH Databases 



PubMed 



Search PubMed 




A service of the National Library of Medicine 
and the Natioaal Institutes of Health 



Protein Genome Structure 



My NCBI 

[Sign In] Regis 



OMIM 



PMC 



Journals 



r v v V *v v 

Limits Preview/Index History Clipboard Details 



About Entrez 
Text Version 

Entrez PubMed 
Overview 
Help | FAQ 
Tutorials 

New/Noteworthy 63 
E-Utilities 

PubMed Services 
Journals Database 
MeSH Database 
Single Citation Matcher 
Batch Citation Matcher 
Clinical Queries 
Special Queries 
LinkOut 
My NCBI 

Related Resources 
Order Documents 
NLM Mobile 
NLM Catalog 
NLM Gateway 
TOXNET 
Consumer Realm 
Clinical Alerts 
CiinicalTrials.gov 

PubMed Central 



Display | Abstract 

r \ 

All: 1 Review: 1 



□ 1: Drugs RD. 2003;4(6):366-8. 



Show (20 igJSorlby \_g||Sendto 



Related Articles, Links 



Factor VIII-Baxter: rAHF-PFM, recombinant anti- 
haemophilic factor— protein-free method, recombinant factor 
VIII— protein-free. 

[No authors listed] 

Baxter Healthcare is developing a next-generation recombinant factor VIII 
for the treatment of haemophilia A that is produced using a totally protein- 
free manufacturing process. By excluding proteins or raw materials derived 
from human or animal sources in the final product, the risk of transmission 
of potentially infectious agents is removed. All of the recombinant factor 
VIII products currently on the market incorporate proteins or raw materials 
derived from either human or animal sources, as part of the nutrients 
required for the cells to produce the protein. Baxter has exclusive rights to 
Quadrant Healthcare's factor VIII stabilisation technology. Quadrant 
received 1 million US dollars under the agreement, and was to receive 
milestone payments in excess of 2 million US dollars, together with 
royalties on sales should a new factor VIII product using Quadrant's 
technology reach the market. In December 2000, Quadrant Healthcare was 
acquired by Elan Drug Delivery (Elan Corporation), which continued to 
develop the proprietary formulation and stabilisation technologies of 
Quadrant. In July 2003, the newly formed company Quadrant Technologies 
acquired Elan Drug Delivery from Elan Corporation and renamed it 
Quadrant Drug Delivery. In July 2003, the US FDA approved the use of 
AD V ATE for the prevention and control of bleeding episodes in people 
with haemophilia A. At the Bear Stearns 16th Annual Healthcare 
Conference held in September 2003, Baxter reported that AD V ATE was 
launched in August 2003 in the US. A pivotal phase III clinical trial of this 
recombinant factor VIII therapy, initiated in 89 previously untreated patients 
with haemophilia A, has been completed at sites in the US, UK, Sweden, 
France, Belgium, Germany, Denmark and Italy. This trial compared the 
pharmacokinetics, tolerability and immunogenicity of this therapy with 
Baxter's currently marketed recombinant factor VIII preparation, 
Recombinate trade mark. The first clinical data that were presented on this 
agent at the XXV International Congress of the World Federation of 
Hemophilia meeting indicate that Baxter's next-generation recombinant 
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factor VIII is bioequivalant with Recombinate trade mark. The two agents 
should have comparable efficacy. A Marketing Authorisation Application 
(MAA) was submitted to the EU EMEA and regulatory filings were made in 
Canada in September 2002. The submission was made via the centralised 
procedure. Should the new-generation product reach the market, Baxter will 
continue to offer Recombinate trade mark as well as plasma-derived factor 
VIII products. Preliminary study results announced in July 2003 show that 
factor VIII therapy was effective in controlling bleeding episodes in patients 
with severe and moderately severe haemophilia A who were previously 
treated, or had undergone surgery. 
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Abstract 

Factor Vm (FVIII), a coagulation factor in the blood, is one of the most complex proteins known today. To facilitate the rapid 
development of a more convenient and safer FVm product and to improve the quality of life for hemophilia patients, this short 
article reviews the recent investigations on the structure, activity, and more importantly, stability of FVm. 
€> 2003 Elsevier Science B.V. AD rights reserved. 
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1. Introduction 

Factor VIII (FVIII) is an essential coagulation 
factor in the blood. In the complex blood clotting 
cascade, it serves as a co-factor for factor IXa (FDCa) 
in the activation of factor X (FX) to factor Xa (FXa). 
A deficiency or defect in FVIII is the cause of classi- 
cal hemophilia (type A), a hereditary life-threatening 
bleeding disorder. Currently, the only therapy for 
this hereditary disease is life-long administration of a 
FVIII product. However, the? limited in vivo stability 
of FVIII requires frequent drug administration, for 
both preventive and therapeutic purposes and the lim- 
ited in vitro stability of FVIII requires lyophilization 
of FVIII for long-term storage, creating inconve- 
nience for self-administration and compromising the 
quality of life for hemophilia patients. 

To overcome the need for frequent drug administra- 
tion, FVm gene therapy is being widely investigated 
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for hemophilia treatment, which, if successful, may 
provide the ultimate therapy for hemophilia. Recent 
results showed that a high level of FVIII could be 
expressed in FVIII-deficient dogs using an adenovi- 
ral vector, but FVIII . expression lasted only 5-10 
days and all treated dogs developed liver toxicity, a 
transient drop in platelets, and anticanine FVIII anti- 
bodies (Gallo-Penn et al., 2001). While development 
of an effective and safe FVIII gene product is still 
in progress, it will likely be many years until such a 
therapeutic approach can be implemented in humans. 

The limited in vivo/vitro stability of FVIII and slow 
progress in the development of a FVIII gene product 
is at least partly due to the relatively large size and 
complexity of the FVIII molecule. To facilitate the 
rapid development of a more convenient and safer 
FVIII product, this short article summarizes recent 
investigations on FVIII structure and stability. 



2. FVm structure and activity 

In this section, we briefly discuss the complex FVIII 
structure and its activity, as such topics have been 
extensively reviewed in the past (Fay, 1993; Lollar, 
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Fig. 1. FVIII structure, function, and processing. The sites of FVHJ interaction with other clotting factors, vWF, phospholipids (PL), and 
metal ions (M 2+ ) are illustrated by dotted circles. 



1995; Lenting et al., 1998). A schematic representation 
of FVIII structure, function and processing is shown 
in Fig. 1. 

2.1. Primary structure 

The primary structure of human FVIII was first de- 
duced based on the DNA sequence in 1984 (Gitschier 
et al., 1984; Vehar et al., 1984). The X-linked FVIII 
gene, which has a size of I86kb including 26 exons 
(Peake, 1995), encodes a polypeptide of 2351 amino 
acids. After processing of the signal peptide (19 
amino acids), a mature FVIII molecule of 2332 amino 
acids is secreted with a calculated molecular weight 
of 264,763 Da. FVIII protein species of up to 330 kDa 
were observed on SDS-PAGE under non-reducing 
conditions, probably due to extensive glycosylation 
and/or disulfide crosslinking (Vehar et al., 1984). 
Based on homology analysis* the FVIII sequence is 



divided into three A, two C and a large B domain(s), 
abbreviated as NH 2 -Al-A2-B-A3-Cl-C2-COOH 
(Vehar et al., 1984). The three A domains are con- 
nected by three short acidic sequences: al (337-372); 
a2 (711-740); and a3 (1649-1689). Thus, a more 
detailed FVIII sequence is NH 2 -Al-al-A2-a2-B-a3- 
A3-C1-C2-COOH and the respective sequences are 
Al-al: 1-372; A2-a2: 373-740; B: 741-1648; a3-A3: 
1649-2020; CI: 2021-2173; and C2: 2174-2332 
(Fig. 1). 

Commercial FVIII concentrates showed on SDS- 
PAGE as mixtures of FVIII heterodimers, consist- 
ing of 9O-210kDa heavy chain (HC; A1-A2-B) and 
80 kDa light chain (LC; A3-C1-C2) (Eaton et al., 
1986; Bihoreau et ah, 1991). Less than 1% was found 
to be single chain molecules on SDS-PAGE either 
for plasma-derived FVIII (pdFVIII) (Stoylova et al., 
1999) or baby hamster kidney (BHK)-derived rFVIII 
(Eaton et al., 1987). The heterogeneous heavy chain 
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polypeptides, minimally represented by A1-A2, are 
derived from the 210 kDa polypeptide through prote- 
olysis of the B-A3 junction and within the B-domain. 

FVIII molecules contain many glycosylation sites 
and the B-domain has 19 of the 25 Asn-glycosylation 
sites (N-linked) (Vehar et al., 1984). Although these 
sites have not been completely delineated, the six 
Asn-glycosylation sites outside the B region are lo- 
cated at 41, 239, 582, 1685, 1810 and 21 18 (Sandberg 
et al., 2001). In addition, human FVIII has multiple 
Ser- and Thr-glycans (O-linked) (Pittman et al., 1994; 
Kumar et al., 1996). Due to the complexity of exten- 
sive glycosylation and heterogeneity, the 90-2 10 kDa 
proteins of either rFVIII or pdFVIII could not be 
focused using several gel systems under both native 
and denaturing conditions, but the 80 kDa protein was 
focused to a pi of 6.5 and a cluster of pi's from 6.9 
to 7.2 (Eaton et al., 1987). 

There are six tyrosine sulfation sites in rFVIII. 
Three are located at 346 (HC), 1664, 1680 (LC) 
and the others are located at 718, 719, and 723 in 
the C-terminal of A2 subunit (Pittman et al., 1992; 
Severs et al., 1999). Although tyrosine sulfation seems 
to be required for normal FVIII activity, possibly 
by contributing to thrombin binding (Pittman et al., 
1992; Pemberton et al., 1997), partial or full sulfation 
at Tyr718, iyr719 and Tyr723 in B -domain-deleted 
two-chain FVIII did not affect the activation by 
thrombin (Kjalke et al., 1995). FVIII also contains a 
total of 23 cysteine residues and 19 of them (3 free 
and 8 disulfide bonded) are in the A and C domains 
(McMullen et al., 1995). 

2.2. Interactions between heavy and light chains 

It has long been believed that a metal ion is respon- 
sible for the association between the light and heavy 
chains of FVIII (Fay et al., 1986). This conclusion is 
based on the fact that chelation of the metal ion with 
EDTA leads to dissociation of the heterodimer with 
a concomitant loss of the procoagulant activity of a 
variety of FVIII forms, such as pdFVIII (Stoylova 
et al., 1999), rFVIII (Eaton et al., 1987) and a 
B-domain-deleted rFVIII (Bihoreau et al., 1991). Ad- 
ditional evidence for an existing metal ion in FVIII is 
the regeneration of 80% activity of EDTA-inactivated 
FVIII upon addition of excessive MnCh (50 mM) and 
30% activity for CaCl 2 (50 mM) (Eaton et al., 1987). 



A generation of 30% activity was also observed 
through re-association of HC and LC subunits upon 
addition of 25 mM Ca 2+ (Wakabayashi et al., 2001). 

Although a metal ion seems to be present in FVm, 
the identity, number and role of the metal ion(s) in 
FVIII are still debatable. An early study with atomic 
absorption spectrophotometry indicated the presence 
of calcium in the highly-purified pdFVIII at an ap- 
parent molar ratio of 1:1 while other metals such as 
manganese, strontium, zinc, aluminum, magnesium, 
copper and iron were not present in a significant 
amount (<0.05 mol/subunit) (Mikaelsson et al., 1983). 
It was concluded that human FVIII circulates in nor- 
mal plasma as a calcium-linked protein complex. In 
1994, the metal was identified to be copper at a molar 
ratio of 1:1 in both pdFVIII heterodimers (ranging 
from 90/80 to 2 10/80 kDa dimers) and recombinant 
FVIII- All, a B-domain-deleted FVIII (Bihoreau et al., 
1994). The copper ion remained in the inactive dimer 
of 50/70 kDa until being released upon dissociation 
of this dimer, suggesting its essential role in the asso- 
ciation of FVIII heavy and light chains. The presence 
of copper(I) in FVIII at a similar binding ratio was 
later confirmed by electron paramagnetic resonance 
spectroscopy (EPR) and supported by site-directed 
mutation studies (Tagliavacca et al., 1997). This study 
suggested the location of Cu(I) within the A 1 -domain 
and also demonstrated that Cu(I), not Cu(II), was able 
to reconstitute FVIII activity from dissociated FVIII 
chains. Therefore, it is possible that both copper and 
calcium ions are involved in HC/LC association. 

In addition to metal-induced association, hydropho- 
bic interactions between the heavy and light chains 
also play a significant, if not dominant, role. Two 
hydrophobic sites were identified by (l,l')-bi-(4- 
anilino)naphthalene-5,5'-disulfonic acid (bis-ANS) 
binding in the heavy and light chains and the higher 
affinity site on each isolated subunit contributes to 
the divalent metal ion-dependent, intersubunit inter- 
action (Sudhakar and Fay, 1996). A more recent study 
showed that the high-affinity hydrophobic association 
of the heavy and light chains (K& = 53.8 nM) was en- 
hanced by approximately 100-fold in the presence of 
0.5 \xM Cu 2 + (Wakabayashi et al., 2001). Since Ca 2+ 
at 25 mM did not affect the hydrophobic association 
but increased the specific activity (~60% of native 
FVIII activity) in this study, it appears that Ca 2+ 
promotes the formation of the active conformation of 
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FVIII while Cu 2+ primarily enhances the intersubunit 
affinity. The affinity enhancement of a metal ion may 
explain why low ionic strength promotes association 
of isolated LC and HC subunits (Donath et al., 1995). 

2.5. Secondary and tertiary structure 

FVm contains mainly 0-sheet structure (Sudhakar 
and Fay, 1998a,b; Grillo et al., 2001). A small 
amount of a-helices are located in the A domains 
(Stoilova-McPhie et al., 2002). A detailed analysis 
shows that B-domain-deleted rFVHI SQ contains 
41% p-sheet, 14% a-helix, 26% random structure, 
and 19% turn by circular dichroism (CD) while the 
respective percentages of B-domain-deleted pdFVIII 
are 43, 13, 27, 18% (Fatouros and Sjostrom, 2000). In 
comparison, the light chain of human FVIII had 36% 
P-sheet, 22% a-helix, and 42% unordered structure 
by CD (Bihoreau et al., 1992). Activation 6f FVffl to 
FVIIIa increases significantly its p-sheet content by 
CD (Curtis et al., 1994). 

Due to the complexity and heterogeneity of the 
purified FVIII, a complete high-resolution three- 
dimensional crystal structure of FVIQ has not been 
determined. A few studies, however, have been 
conducted to characterize the overall shape of the 
molecule, to determine the detailed structure of its in- 
dividual domains (Pratt et al., 1999), and recently, to 
deduce the three-dimensional structure based on low- 
resolution electron crystallography of two-dimensional 
crystals of B-domain-deleted FVIII bound to phos- 
pholipids (Stoilova-McPhie et al., 2002). 

Based on the structure of nitrite reductase and 
ceruloplasmin, the three A domains in human FVIIIa 
have been modeled and the proposed structure con- 
tains 6 p-bairels (Dl through D6, two per domain) of 
987 amino acids in total, roughly in a sphere size of 
16 nm in diameter (Pan et al., 1995). The size is very 
close to what was observed for FVIII heterodimers 
under an electron microscope, a globular structure 
(contributed from A and C domains) of M4nm in 
diameter with a two-stranded tail of different lengths 
(contributed from B-domain) (Fowler et al., 1990), 
but a smaller surface coverage of 8 nm x 5 nm was 
observed by electron crystallography for one pdFVIII 
molecule when crystallized on a phospholipid mem- 
brane (Stoylova et al, 1999). The proposed model 
successfully explains the location of six disulfide 



bonds, the copper-binding site(s), the activated pro- 
tein C (APC) cleavage site, and an inhibitor epitope. 
However, the copper-binding sites are debatable based 
on another modeling study (Pemberton et al., 1997). 

2 A. FVIII activity 

FVIII itself has minimal or no detectable procoagu- 
lant activity before proteolytic activation by thrombin 
or FXa (Lollar et al., 1993; Donath et al., 1995). The 
rate and extent of FVIII activation depend on reaction 
conditions, such as the relative concentrations of FVm 
and thrombin or FXa. Maximal thrombin-induced ac- 
tivation was observed at 0.5-1 min (Sandberg et al., 
2001), 2min (Fay et al., 1986), and lOmin (Wood 
et al., 1984) with a corresponding potentiation of FVIII 
activity of approximately 20-, 13-15-, and 40-fold, 
respectively. As high as 40-fold (Fay et al., 1991a,b,c) 
or even 80-fold (Eaton et al., 1987) increase in FVIII 
activity was observed. Yet, the role of Ca 2+ in the 
activation of FVIII by thrombin has not been clearly 
established (Eaton et al., 1986; Wakabayashi et al., 
2001). The activated FVIII (FVIIIa) binds to FIXa at a 
1 : 1 molar ratio (Duffy et al., 1992; Lenting et al., 1 994) 
through multiple interactive sites in the A2 and A3 
domains (Lollar et al., 1993; Fay et al., 1994; O'Brien 
et al., 1995; Pemberton et al., 1997; Bajaj et al., 2001). 
FVIIIa, FIXa (a serine protease), Ca 2+ , and phospho- 
lipid constitute the FXase complex. FVIIIa increases 
the *cat of FIXa-dependent conversion of FX by sev- 
eral orders of magnitude (Fay and Koshibu, 1998). 

FVIIIa is a heterotrimer consisting of 73, 50, and 
43kDa fragments on SDS-PAGE (Vehar et al., 1984; 
Eaton et al., 1986, 1987). The association among 
the three FVIIIa subunits has not been clearly de- 
fined. Data suggest that a metal ion links the Al and 
A3-C1-C2 subunits (Bihoreau et al., 1994) with a 
significant contribution from hydrophobic interaction 
(Sudhakar and Fay, 1996), while A2 is likely to in- 
teract primarily with Al subunit ionically (Fay et al., 
1991a,b,c, 1999). Because of the weak interaction 
between Al and A2, the associated heterotrimer read- 
ily dissociates at physiologic pH (Fay and Koshibu, 
1998). The dissociated individual subunits have less 
than 1% of the FVIIIa activity (Fay and Koshibu, 
1998). 

The large B-domain in FVIII (741-1648) does 
not contribute to the activity of FVIII and has no 
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known functions (reviewed by Fay, 1993). Several 
B-domain-deleted or partially deleted FVm forms 
have been engineered, including FVUIdes-797-1652 
(Eaton et aL, 1986), FVffldes-771-1666 (FVIU-AII, 
165 kDa) (Bihoreau et al., 1991), and FVm<ks-760-i639 
(LA- VIII) (Pittman et al., 1993). FVin SQ, another 
B-domain-deleted FVIII variant in which Ser743 is 
linked directly to Glnl638, is now an approved com- 
mercial product (Sandberg et al., 1991, 2001). These 
variants do have similar clotting activity as the intact 
FVIII, such as FVIIW760-1639 (Pittman et al., 1993), 
and FVm SQ (Sandberg et al., 2001). Due to their 
smaller molecular masses, their specific activities are 
generally higher than that of the full-length molecule 
(Eaton et al., 1987; Bihoreau et al., 1991; Sandberg 
et al., 2001). 



3. In vivo FVIII stability 

FVm has limited in vivo stability, which is influ- 
enced by many factors, including binding to plasma 
proteins and antibodies, proteolytic inactivation, and 
non-proteolytic degradation. The half-life of high- 
purity FVm in man was determined between 15 and 
19 h (Ludlam et al., 1995). A single-phase in vivo 
decay was observed after infusion of FVIII concen- 
trate with added calcium chloride into a hemophiliac 
(Foster et al., 1988). 

3.1. Stabilization by von Willebrand Factor (vWF) 

FVIII interacts non-covalently with vWF in plasma 
via at least two binding, sites. A high-affinity vWF- 
binding site (# d = 2.1 x 10" l0 M) is located in 
A3-domain (Lysl673-Argl689), interacting with only 
1-2% of the vWF subunits (Leyte et al., 1989). The 
acidic region (residues 1649-1689) maintains the 
optimal conformation (for maximal binding) of the 
high-affinity vWF-binding site (Saenko and Scandella, 
1997). Another vWF-binding site is located in residues 
2173-2332 of the C2-domain, which also binds to 
phospholipids (Saenko et al., 1994; Saenko and Scan- 
della, 1997; Jacquemin and Saint-Remy, 1998). The 
stoichiometry between FVIII and vWF varies depend- 
ing on the study conditions (Vlot et al., 1995). 

FVIII interaction with vWF results in significant 
stabilization and survival of FVIII in the circulation 



(see review by Sadler, 1998). Possible stabilization 
mechanisms include (1) protection of the proteolytic 
sites, such as Argl689; (2) promotion of association 
of the heavy and light chains (Wise et al., 1991); 
and (3) inhibition of FVm neutralization by FVIII 
antibodies (Jacquemin and Saint-Remy, 1998). These 
stabilization mechanisms may explain why the sta- 
bility of FVIII SQ in homogenates of human subcu- 
taneous tissue was greater in the presence of vWF 
(Fatouros et al., 2000) and the activity of rFVm in 
immuno-depleted plasma was higher after addition of 
vWF (Barrowcliffe, 1994). 

5.2. Effect of thrombin 

Thrombin not only activates but also inactivates 
FVIII. Thrombin activation of either pdFVIII or 
rFVIII generates three major polypeptides of 73, 50, 
and 43 kDa on SDS-PAGE (Vehar et al., 1984; Eaton 
et al., 1986, 1987). Typical thrombin cleavage sites in 
FVIII are at Arg followed by either Ser or Ala (Vehar 
et al., 1984). The 73 kDa fragment comes from cleav- 
age at Arg 1689 (light chain) while the other two come 
from cleavages of Arg372 (between Al and A2), and 
Arg740 (between A2- and B-domain) (Vehar et al., 
1984; Eaton et al., 1987; Donath et al., 1995; Lenting 
et al., 1998). Therefore, FVIIIa is a heterotrimer of 
Al-al/A2-a2/A3-Cl-C2. It was noted, however, that 
maximum activity was actually observed some time 
after generation of these fragments (Eaton et al., 
1986). 

Thrombin-induced inactivation of FVIIIa depends 
on the actual study conditions, relative amount of 
thrombin, and the length of thrombin treatment, but 
not on the size of the heavy chain (Fay et al., 1986). 
It was demonstrated that thrombin-activated rFVIII 
could be stable for at least I h at 37 °C in one study 
(Eaton et al., 1987), but in a different study, treat- 
ment of human FVIII with an adequate amount of 
thrombin inactivated FVHI in 30 s in a buffer at pH 
7.4 (Lollar et al., 1992). Even at -80 °C, loss of 
activity of thrombin-activated FVIII could be observed 
with a t\/2 of approximately 1 week (Curtis et al., 
1994). 

The exact mechanism of thrombin inactivation is 
still not clear. At least one inactivation pathway is the 
conversion of 50 kDa polypeptide in FVIIIa to 20 and 
30 kDa fragments but the inactivation does not corre- 
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late well with the formation of these two fragments 
by SDS-PAGE (Vehar et aL, 1984). In fact, FVIIIa 
inactivation by thrombin was not always associated 
with additional cleavage (Fay et aL, 1986). For ex- 
ample, the activity of both activated wild-type FVIII 
and FVIIIdes-760-i639 dropped significantly 1 min af- 
ter thrombin treatment but the intensity of the three 
major bands did not seem to change significandy in 
20 min (Pittman et aL, 1993). Similarly, no apparent 
cleavage was observed by SDS-PAGE between 5 and 
22 min after thrombin treatment, but FVIIIa activity 
dropped in this period (Bihoreau et aL, 1991). It was 
suggested that the non-proteolytic dissociation of 
the A2 subunit may be responsible for the apparent 
inactivation (Lollar et aL, 1992). 

3.5. Effect of protein C and FXa 

As a feedback control for clotting, APC inactivates 
both FVIII and FVIIIa, while FXa both activates and 
inactivates FVIII like thrombin (Vehar et aL, 1984; 
Eaton et aL, 1986, 1987). APC only converts the 
heavy chain (90-21 OkDa proteins) to a 45kDa frag- 
ment while FXa converts the active 73 and 50kDa 
fragments to 67 and 45kDa fragments (Eaton et aL, 
1987). The APC-induced inactivation disrupts the 
interaction between Al and A2/A3-C1-C2 subunits 
(Persson et al., 1995) and correlates well with the gen- 
eration of the 45kDa fragment (Eaton et al., 1986). 
APC-induced cleavages occur both at Arg336-Met337 
(Al) and Arg562-Gly563 (A2) but it is the preferable 
cleavage at Arg562 that closely correlates with the 
loss of co-factor activity (Fay et al., 1991a,b,c; Regan 
et al., 1994, 1996). The binding site for APC has been 
localized to a region on the A3-domain of the light 
chain (Walker et al., 1990). 

3.4. Chain dissociation— the non-proteolytic 
degradation 

FVIII also degrades in vivo by chain (A2 sub- 
unit) dissociation — a non-proteolytic degradation 
mechanism, which is due to the reversible and weak 
interaction between A2 and the metal ion-linked 
A1/A3-C1-C2 dimer (Lollar et al., 1992). The chain 
dissociation is independent of FVIII light chain 
cleavage (Donath et al., 1995), but dependent on 
salt concentration (Fay et al., 2001) and inhibited 



by the presence of FIXa and phospholipid (Curtis 
et al., 1994). Indeed, at low salt concentrations, the 
FVIIIa-enhanced ^ a t (5.5 min" 1 ) for conversion of 
FX to FXa is approximately eight-fold greater than 
at a near physiological ionic strength (0.7 min" 1 ) be- 
cause salt interferes with the association of the A2 
and Al subunits (Fay et al., 2001). Although the rel- 
ative contribution of chain dissociation to the overall 
inactivation of FVIII has not been determined, the 
higher affinity of the porcine A2 subunit for human 
or porcine A1/A3-C1-C2 heterodimer partly explains 
the higher activity of porcine FVIII relative to the 
human counterpart (Lollar et al., 1992; Curtis et al., 
1994). Increasing the resistance to chain dissociation 
through mutagenesis can make FVIII more stable 
(Pipe and Kaufman, 1997). 



4. In vitro FVIII stability 

All current FVIII products are lyophilized because 
of its limited in vitro stability in the liquid state. 
This section will discuss (1) stability of FVIII in 
lyophilized and liquid states, during infusion, and in 
isolated plasma; (2) factors affecting FVIII stability; 
and (3) mechanisms of FVIII instability. 

4.1. Stability of FVIII in lyophilized state 

The stability of lyophilized FVIII products de- 
pends largely on the presence of protein stabilizers. 
Kogenate® and Recombinate are two representative 
full-length rFVIII products, that contain human serum 
albumin (HSA). Because of the excellent stabiliz- 
ing effect of HSA, these lyophilized products are 
fairly stable. As much as 95% of FVIII activity can 
be recovered in Recombinate after storage at 30 °C 
for 36 months (Parti et aL, 2000). To prevent po- 
tential HSA-associated pathogen exposure, the latest 
FVIII products are devoid of this excipient, including 
Kogenate® FS and ReFacto. Although a 2-year stor- 
age stability at 5-8 °C has been achieved, the overall 
stability of these HSA-free products is significandy 
compromised (Osterberg et al., 1997, 2001). An op- 
timal formulation for lyophilized FVIII still needs to 
be explored with the goal of achieving a comparable 
stability that is afforded by HSA. 
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42. Stability ofFVIII in liquid state 

In contrast to lyophilized formulation, the stability 
of FVIII in solution is very limited. It was demon- 
strated by the one-stage clotting assay that as much 
as 10% clotting activity of the full-length rFVIII was 
lost in 3 days at 37 °C (Grillo et al., 2001). If rFVIII 
inactivation follows the Arrhenius relationship and we 
assume a maximum rate reduction of four times per 
10 °C drop in temperature, the estimated shelf life of 
rFVIII at 5-8 °C is approximately 6 months, insuffi- 
cient to make a commercial product. In a recent study, 
rFVIII SQ was shown to be stable (no loss of activity) 
for a year at 5 °C in a solution under nitrogen contain- 
ing sucrose at 300 mg/ml and Tween 80 at 2000 ppm 
(Fatouros and Sjostrom, 2000). Such stability demon- 
strated for rFVIII SQ may result from the effects of 
the excipients and/or the deletion of the B-domain. 
The potential effect of excipients was illustrated in 
a study where loss of 20% FVIII activity took from 
less than 5 days to over 28 days at room tempera- 
ture for 15 reconstituted commercial FVIII products 
(Martinowitz, 1994; Schulman et al., 1994). The 
stability difference among different FVIII products 
suggests strong excipient effects and that improve- 
ment of FVIII stability is feasible at least for certain 
products. Nonetheless, because of the limited stability 
of FVIII in solution, a liquid FVIII product has not 
been commercialized. Such a future product would 
greatly facilitate drug administration for patients. 

4.3. Stability of FVIII during infusion 

The attempt to administer FVIII by continuous infu- 
sion prompted investigations on the stability of FVIII 
during a simulated process. All FVIII products after re- 
constitution should be used within the manufacturer's 
recommended time period (mostly 4 h or less) for both 
sterility and stability reasons. However, many recon- 
stituted products can be infused beyond this period as 
the stability of reconstituted FVIII is usually signifi- 
candy higher than what is recommended (Martinowitz, 
1994; Schulman et al., 1994; Belgaumi et al., 1999). 
As discussed before, FVIII stability after reconstitu- 
tion varies significantly among different FVIII prod- 
ucts. Even for the same product, the FVIII stability 
during infusion can be strongly affected by two ad- 
ditional factors — the type of delivery device and the 



final FVIII concentration for infusion (Martinowitz, 
1994; DiMichele et al., 1996). For example, while 
the stability of a reconstituted FVIII concentrate 
(Monoclate-P®) showed no detectable degradation 
at room temperature in 15 days with the WalkMed 
350 and CADD 1 minipump, only 70% activity was 
left in the Medex 2001 (Martinowitz, 1994). In an- 
other study, it was demonstrated that storing 1.4 ml 
of reconstituted rFVIII (Kogenate®) at 146IU/ml in 
100 ml polyvinylchloride (PVC) mini-bags for 48 h at 
room temperature resulted in a 42% recovery of FVIII 
activity but only 1.8% of activity remained when 
20 ml of saline-diluted rFVIII at 2IU/ml was stored 
under the same conditions (McLeod et al., 2000). 
The loss of FVIII activity is likely due to surface 
adsorption and/or surface-induced denaturation (also 
see Section 4.4). Therefore, inclusion of a surfactant 
in the reconstitution medium may be necessary to 
prevent the loss of protein during infusion. 

4 A Stability of FVIII in isolated plasma 

Currendy, there are still a significant number of 
pdFVIII products on the market. Therefore, proper 
preservation of FVIII activity in plasma is crucial for 
a high yield. Many stability studies have been con- 
ducted in the past but the reported stability of FVIII 
in plasma varied significantly. For example, approx- 
imately 54% of FVIII activity was lost in citrated 
plasma in 24 h at 4°C in one study (Pepper et al., 
1978), but it took the same time period at 21 °C to 
lose the same amount of FVIII activity in another 
(Cumming et al., 1987). The apparent difference in 
FVIII stability in plasma probably results from differ- 
ent concentrations of citrate used during collection, 
presumably due to citrate chelation of calcium ions 
(Krachmalnicoff and Thomas, 1983; Mikaelsson et al., 
1983; Morgenthaler et al., 1985; Cumming et al., 
1987; Woodhams et al., 2001). The citrate-induced 
detrimental effect can be reversed in a short period 
of time after blood collection (e.g. 4-12 h) upon 
recalcification (Krachmalnicoff and Thomas, 1983; 
Morgenthaler et al., 1985). Indeed, CaCl 2 stabilizes 
FVIII in plasma and at least ImM (physiological 
level) of CaCh is needed to achieve a significant ef- 
fect (Mikaelsson et al., 1983). Similarly, chelation of 
calcium by addition of >2 mM EDTA in plasma can 
lead to a rapid loss of activity (Krachmalnicoff and 
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Thomas, 1983; Mikaelsson et ah, 1983; Woodhams 
et al., 2001) and re-addition of excessive calcium 
(25 mM CaCh) in citrated plasma can recover the 
lost activity to the control level (Krachmalnicoff and 
Thomas, 1983). The decay of FVIH activity in cit- 
rated plasma is non-linear (Weiss, 1965; Pepper et al., 
1978; Krachmalnicoff and Thomas, 1983; Mikaelsson 
et al., 1983), but it does not seem to involve signif- 
icant participation of proteases (Mikaelsson et al., 
1983). Therefore, stabilization of FVIII in plasma 
does not need addition of a protease inhibitors) but 
rather, careful control of the citrate and/or calcium 
concentration. 

4.5. Factors affecting in vitro FVIII stability 

Many factors have been identified affecting in vitro 
FVIII stability, including temperature, presence of 
metal ions, salts, lipids or other formulation excipi- 
ents, surface adsorption, pH, shaking, light exposure, 
freeze-mawing/freeze-drying, and packaging condi- 
tions. 

4.5 J. Temperature 

Lyophilized FVIII products tolerate thermal stress 
reasonably well because of the presence of a stabiliz- 
ing excipient(s). Due to the stabilizing effect of HSA, 
99% activity of full-length rFVIQ was recovered after 
exposure of the lyophilized product at 40 °C for 6 
months and 94% at 60 °C for 2 months (Parti et al., 
2000). Dry heat treatment of pdFVUI concentrates at 
80 °C for 72 h did not cause significant change in FVIH 
structure (Gilles et al., 1997; Raut et al., 1999). In con- 
trast, FVIII is very sensitive to temperature change in a 
liquid state. For example, the rate of FVIII decay at pH 
9.1 in plasma increases three-fold per 10°C increase 
in the temperature range between 17 and 37 °C (Weiss, 
1965). Although a higher temperature generally leads 
to a faster degradation of proteins, the effect of temper- 
ature on the stability of FVIH in a liquid state has not 
been always as predicted. A few studies have demon- 
strated a better stability of a few reconstituted FVIII 
products at room temperature than under refrigerated 
conditions (Saxena et al., 1991; Martinowitz, 1994; 
Schulman et al., 1994). Although this unusual observa- 
tion has not been explained, it may have to do with re- 
duced hydrophobic interaction at a lower temperature, 
as hydrophobic interaction plays a critical role in the 



association of HC and LC subunits. Indeed, the degra- 
dation rate of rFVIII SQ at 5 °C was faster than pre- 
dicted from the Arrhenius kinetics and was suggested 
to be due to additional low temperature-associated 
chain dissociation (Fatouros et al., 1997a,b). 

like other proteins, FVIH unfolds at high temper- 
atures in solution. Differential scanning calorimetry 
(DSC) analysis of rFVIE showed a major transition 
temperature near 58 °C in addition to several small 
transition temperatures below that temperature with 
significant aggregation above 60 °C (Grillo et al., 
2001). The small transitions below 58 °C could be 
due to partial unfolding of FVIII subunits, as the 
light chain alone has a T m value of 51 °C (Sudhakar 
and Fay, 1998a,b). A B-domain-deleted FVIII, rFVIII 
SQ, exhibits a similar thermal behavior with onset 
of unfolding and aggregation temperatures of about 
56 and 64 °C, respectively (Fatouros et al., 1997a,b). 
However, detailed CD analysis showed a different 
thermal response in the secondary structure of the 
two forms of FVIH. While a conformational change 
was observed corresponding to increased (3-sheet in 
rFVIII at approximately 45 °C (Grillo et al., 2001), 
the secondary structure of rFVIII SQ was not influ- 
enced in the temperature range of 5-55 °C (Fatouros 
and Sjostrom, 2000). Although a storage stability for 
the two forms has not been compared side-by-side, 
rFVIE SQ seems to be more stable in a liquid state at 
5 °C than what was predicted for rFVIII (see Section 
4.4), suggesting a higher conformational stability as 
a result of the secondary structure of rFVIII SQ. 

4.5.2. Effect of metal ions 

The positive effect of metal ions such as calcium 
on the stability of FVHI was identified in plasma 
(Weiss, 1965) and in a liquid or lyophilized state 
(Foster et al., 1988). The stabilizing effect of calcium 
was also observed in rapid thermal stability studies 
on rFVUI (Grillo et al., 2001) and storage stabil- 
ity studies on other FVIII forms such as rFVIII SQ 
(Fatouros et al., 1997a,b). Similar to Ca 2+ , Sr 2 * was 
found to stabilize FVIII in plasma (Mikaelsson et al., 
1983) and rFVm SQ in solution (Fatouros et al., 
1997a,b). Other metal ions, including Cu 2 +, Mg 2+ , 
Fe 2+ , Zn 2+ , Mn 2+ , Co 2+ , Ba 2+ , or Ni 2+ could not 
protect FVIII in plasma (Mikaelsson et al., 1983) or 
rFVIII SQ in solution (Fatouros et al., !997a,b). Fe 2 * 
was detrimental to FVIII SQ activity. 
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Although calcium ion stabilizes FVIII, excessive 
amounts (e.g. >50mM Ca 2+ ) may eventually lead 
to destabilization of FVIII in a liquid state (Fatouros 
et al., 1997a,b). This is because a high calcium con- 
centration enhances the decay of FYIIIa (Fay et al., 
1993), or specifically, the dissociation of A2 and 
A1/A3-C1-C2 submits (Persson et al., 1995). It was 
found that Ca 2+ at lOmM was apparently most ef- 
fective in the protection of FVIII SQ in a liquid state 
(Fatouros et al., 1997a,b). The optimum concentra- 
tion of calcium for lyophilized FVIII had not been 
determined. 

4.5 J. Effect of salts 

Salt plays a critical role in controlling both FVIII 
stability and solubility. Reducing the salt concentra- 
tion from 58 to 18mg/ml increased the formation of 
rFVIII SQ aggregates in a solution during incubation 
at 7 °C as determined by SEC-HPLC and also reduced 
its thermal aggregation temperature (Fatouros et al., 
1997a,b), probably because a high ionic strength sta- 
bilizes the FVm heterodimer (Donath et al., 1995). 
When the salt concentration was below 5mg/ml 
(0.1 M) reversible precipitation of rFVIII SQ was 
observed at 125IU/ml at pH 7, and precipitation of 
rFVIII SQ at a higher concentration of >1500IU/ml 
occurred at a salt concentration of 9mg/ml (0.15 M) 
or below (Fatouros et al., 1997a,b). Apparently, the 
solubility of FVIII SQ requires the presence of protein 
concentration-dependent amounts of salt (Osterberg 
et al., 2001). Probably because of this effect, increas- 
ing NaCl concentration from 9 to 19 or 35mg/ml in- 
creased the recovery of rFVIII SQ upon freeze-drying 
(Osterberg and Wadsten, 1999). Since salt generally 
reduces the glass transition temperature of a protein 
formulation and inhibits the formation of hydrogen 
bonds with a protein during lyophilization, a mecha- 
nism is required for FVIII stabilization in a lyophilized 
state. The effect of salt on the stability of FVm in a 
lyophilized state has not been fully elucidated. 

4.5A. Interaction with lipids 

FVIII binds to phospholipids rapidly and reversibly 
via a multistep process (Gilbert et al., 1990; Bardelle 
et al., 1993). Among the phospholipids, negatively- 
charged phosphatidylserine (PS) and phosphatide 
acid (PA) are the major FVEI-binding species 
(Kemball-Cook and Barrowcliffe, 1992). The inter- 



action increases FVHI activity. For example, incu- 
bation of FVm/vWF complex with PS and phos- 
phatidylethanolamine (1:1) preparation can induce a 
two- to three-fold increase in apparent FVIII activity 
(Broden et al., 1983). At least 30-fold increase in 
the catalytic conversion of FX was observed in the 
presence of phospholipids (Fay et al., 2001). In addi- 
tion, the interaction offers FVIII in vitro stability by 
inhibiting the chain dissociation (Curtis et al., 1994) 
or specifically, the salt-sensitive dissociation of Al 
and A2 subunits (Fay et al., 2001). In a recent study, 
PS-containing liposomes have been shown to protect 
rFVm SQ from both non-proteolytic and proteolytic 
degradation in homogenates of human subcutaneous 
tissue (Fatouros et al., 2000). Therefore, although 
phospholipids are unlikely to be used in a traditional 
FVTII product simply for stability improvement due 
to their limited aqueous solubility, they can be consid- 
ered in designing a controlled release FVIII delivery 
system. 

4,5.5. Surface adsorption/surfactants 

FVIII adsorbs to a variety of surfaces, includ- 
ing glass (Martinowitz, 1994) and plastics such as 
PVC (DiMichele et al., 1996; Hurst et al., 1998), 
and polyethylene (Hurst et al., 1998). Surface ad- 
sorption of FVIII is rapid and an equilibrium can be 
reached within hours (DiMichele et al., 1996; Hurst 
et al., 1998). The amount adsorbed to a surface de- 
pends on the surface area and does not seem to be 
concentration-dependent (Hurst et al., 1998; McLeod 
et al., 2000). Therefore, the percent loss of FVIII 
activity would be higher when storing the same vol- 
ume of FVIII solution at a lower concentration. In 
addition, the adsorption loss of FVIII varies depend- 
ing on the composition of the FVIII product and the 
diluent (DiMichele et al., 1996; Parti et al., 2000). 
Probably because of the stabilizing effect of vWF, no 
loss of FVIII (recovery >95%) was observed during 
infusion of pdFVIII/vWF concentrate (IMMUNATE) 
at 50 and lOOIU/ml for 48 h through infusion pumps 
equipped with polyethylene, polypropylene or PVC 
plastic components (Thomas et al., 1999). Since the 
remaining FVIII activity is the only indicator for sur- 
face adsorption in these studies, any loss of FVIII 
activity could be not only due to surface adsorp- 
tion but also to surface-induced protein denaturation. 
An example of surface-induced FVIII denaturation 
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was the rapid loss of rFVIII SQ activity at 25 °C by 
agitation (Fatouros and Sjostrom, 2000). 

Surfactants are generally effective in reducing 
protein surface adsorption. It was demonstrated that 
polysorbate 80, a non-ionic surfactant, minimized 
significantly adsorption-induced loss of rFVIII SQ 
(Osterberg and Fatouros, 1999) and surface-induced 
rFVm SQ denaturation (Fatouros and Sjostrom, 

2000) . In this aspect, serum albumin at i or 2% was 
not as effective as polysorbate 80 in preventing sur- 
face loss of diluted rFVIII (Recombinate) in PVC 
bags (Parti et al., 2000) or surface-induced rFVIII 
SQ denaturation (Fatouros and Sjostrom, 2000). In 
addition to the surface effect, limited data suggest 
that polysorbate 80 may stabilize FVIII in solution 
(Osterberg and Fatouros, 1999) and during lyophiliza- 
tion (Osterberg et al., 2001). Nevertheless, the role of 
polysorbate 80 as a FVm stabilizer during long-term 
storage has not been clearly established, at least in a 
lyophilized state. The peroxide content in polysorbate 
80 needs to be carefully controlled in future stability 
studies as it may adversely affect protein stability (Ha 
et al., 2002). 

4.5.6. Effect of other formulation excipients 

Many formulation excipients have been exam- 
ined and a few of them clearly stabilize FVIII in 
a liquid state, including sucrose, sorbitol, mannitol 
(Fatouros et al., 1997a,b), histidine (Sandberg et al., 

2001) , glycine (Brodniewicz-Proba and Beauregard, 
1987), and some other amino acids (Margolis and 
Eisen, 1984). Glycine (Brodniewicz-Proba and Beau- 
regard, 1987), sucrose and raffinose (Besman et al., 
2000) also stabilize FVIII in a lyophilized state. On 
the other hand, trehalose, a commonly-used protein 
stabilizer, failed to stabilize rFVIII SQ in solution 
(Fatouros et al., 1997a,b). Citrate and phosphate are 
detrimental to FVHI, respectively, during storage at 
20 °C (Foster et al., 1988) and during the freeze-thaw 
process (Hynes et al., 1969), presumably due to the 
chelation effect and buffer-induced pH shift during 
freeze-thaw, respectively (Anchordoquy and Carpen- 
ter, 1996). Several antioxidants have been shown to 
stabilize FVTQ SQ in a solution, including glutathione, 
acetylcysteine, methionine (Osterberg and Fatouros, 
1994, 1996). Glutathione also stabilizes FVIII in a 
lyophilized albumin-free formulation (Besman et al., 
2000). 



The identification of these FVIII stabilizers has 
undoubtedly facilitated and will continue to facilitate 
the design of a stable HSA-free FVIII product. The 
remaining tasks are to determine the optimal stabi- 
lizing concentration of individual excipients, possible 
existence of any synergistic effect, and the optimal 
combination of these excipients. 

4.5.7. Effect of pH 

The solution pH strongly affects the stability of 
FVIII in a liquid state. The pH effect depends on the 
composition of the FVIII solution. While the most sta- 
ble pH for FVIII in plasma was found between 6.2 and 
6.7 at 37 °C (Weiss, 1965), that for pdFVIH concen- 
trate at 4°C was between 6.2 and 7.0 (Wolf, 1959). 
The most stable pH range for rFVIII SQ at 7 °C was 
between 6.0 and 7.0 in a solution containing 58 mg/ml 
NaCl and shifted slightly to 6.5-7.0 at a reduced salt 
concentration of 5.8 mg/ml (Fatouros et al., 1997a,b). 
Outside this optimal pH range, rFVIII SQ not only 
aggregates but also forms fragments (Fatouros et al., 
1997a,b). We recently found that the optimal pH range 
for full-length rFVIII in a solution at 40 °C was be- 
tween 6.6 and 7.0 (Wang and Kelner, 2003). Since 
the solution pH can strongly affect the stability of a 
lyophilized protein (Chang et al., 1996), it would be 
necessary to determine whether the optimal pH range 
in a solution would hold true in storing lyophilized 
FVIII. 

4.5.8. Effect of packaging conditions 

Packaging conditions may affect the stability of a 
protein product. This is also true for FVIII ( Woodhams 
et al., 2001). In the evaluation of the stability at room 
temperature of 15 reconstituted FVIII concentrates, 6 
of these showed superior stability in plastic contain- 
ers, whereas 3 of these showed superior stability in 
glass containers (Martinowitz, 1994). These results 
suggest several possibilities — (1) variation in surface 
composition and/or properties even for the same type 
of containers; (2) variation in the amount and compo- 
sition of container leachables; and (3) variation in the 
degree of FVHI/surface interaction due to different 
product excipients. The effect of container on FVIII 
stability was shown to be temperature-dependent. 
At 4-8 °C, 2 of 15 reconstituted FVIII concentrates 
showed better stability in plastic containers and 2 con- 
centrates showed better stability in glass containers; 
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at 20-23 °C, most concentrates showed better stabil- 
ity in plastic containers; and at 37 °C, all concentrates 
showed equal or better stability in plastic containers 
(Schulman et al., 1994). Therefore, stability studies 
comparing different types of containers should be 
conducted at the product storage temperature. How- 
ever, due to the limited diffusion of molecules in a 
solid state, containers would not be expected to play 
a critical role in storing lyophilized FVIII products, 
unless the air permeation through the container and/or 
container stoppers is significantly different. This is 
because air has been shown to accelerate the inacti- 
vation of rFVIII SQ not only in a solution (Osterberg 
and Fatouros, 1996; Fatouros et al., 1997a,b) but also 
in a lyophilized state (Osterberg et al., 2001). 

4.5.9. Freeze-thawing/ drying 

Freeze-thaw does not seem to cause significant 
inactivation of FVIII in a non-phosphate buffer. It 
was demonstrated that freeze-thawing of rFVIII three 
times does not cause aggregation or loss of activ- 
ity (Grillo et al., 2001). FVm SQ was stable after 
ten freeze-thaw cycles in a formulation containing 
65 mM His, 300 mM NaCl, 4 mM CaCl 2 and 250 ppm 
Tween 80 (Osterberg and Fatouros, 1998). How- 
ever, freeze-drying caused a 10% loss of rFVIII SQ 
(ReFacto) activity, regardless of the formulation pH 
(6.0-8.0) (Osterberg et al., 2001). The results sug- 
gest that inactivation of rFVIII SQ occurred in the 
drying step. One possible solution is to add specific 
monosaccharides and/or disaccharides, which can 
adequately form hydrogen bonds with FVIII for pos- 
sible protection against dehydration-induced protein 
conformation change and/or denaturation. 

4.5.10. Effect of light exposure 

A recent study demonstrated that lyophilized FVIII 
(Recombinate) both at 28 IU/ml and 103U/ml was 
stable upon exposure to accelerated simulated natural 
light for lOh, but the activity of reconstituted FVHI 
was reduced by 31 and 29% at 26 and 106 IU/ml, 
respectively, under the same lighting conditions (Parti 
et al., 2000). Light promotes formation of free radi- 
cals, which can initiate oxidative damage of proteins 
(Hovorkaand Schoneich, 2001). Since radical-induced 
reaction is diffusion-controlled (Maillard et al., 1983), 
the rate of such a reaction in solution would be ex- 
pected to be much faster than in a solid state. 



4.6. Mechanisms of in vitro instability 

Limited stability studies so far suggest that multi- 
ple mechanisms may be involved in the inactivation 
of FVIII in vitro. One of them is aggregation. It was 
demonstrated that incubation of rFVIII at 0.5 mg/ml 
in a solution at 37 °C led to formation of soluble 
aggregates by both SEC-HPLC (26% aggregates at 
day 7 with 15% loss in activity) and dynamic light 
scattering (size increase) (Grillo et al., 2001). The 
aggregation process is conformation-induced and has 
a 6-h lag time (nuclearion process). This aggregation 
behavior was also demonstrated for rFVIII SQ, which 
underwent an initial chain dissociation (nucleation 
process), followed by aggregation of the dissociated 
heavy chain (Fatouros et al., 1997a,b). In addition, 
the dissociation of the LC and HC subunits of rFVIII 
SQ by SDS-PAGE correlated well with the loss of its 
activity. A FVIII mutein, FVHI dc s-794-l689, devoid of 
one thrombin cleavage site, has enhanced in vitro sta- 
bility due to its resistance to subunit dissociation (Pipe 
and Kaufman, 1997). Recently, we found that rFVIII 
aggregation was apparently the major mechanism of 
inactivation in solution at 40 °C and both non-covalent 
and covalent (disulfide-bonded) pathways of FVIII 
aggregation were involved (Wang and Kelner, 2003). 

Kinetically, the loss of rFVIII activity was demon- 
strated to be first or pseudo-first order (Manning 
et al., 1995; Fatouros et al., 1997a,b; Wang and 
Kelner, 2003). Since protein aggregation arising from 
physical protein-protein interactions generally ex- 
hibits an apparent reaction order of >2 (Fink, 1998; 
De Bernardez Clark and Schwarz, 1999), the major 
mechanism of rFVIII aggregation is probably not a 
simple physical protein-protein interaction process; 
rather it is probably initiated and controlled by a 
protein conformational change (Grillo et al., 2001). 

Oxidation is clearly involved in FVIII inactiva- 
tion. First of all, treatment of FVIII with hydrogen 
peroxide inactivates FVIII rapidly in several studies 
(Austen, 1970; Manning et al., 1995; Stief et al., 
2000). Other oxidizing and inactivating agents in- 
clude iodine (Austen, 1970), sodium hypochlorite and 
chloramines (Stief et al., 2000). Even air could signif- 
icantly accelerate the inactivation of rFVIII SQ both 
in a solution (Osterberg and Fatouros, 1996; Fatouros 
et al., 1997a,b) and in a lyophilized state (Osterberg 
et al., 2001). Although the oxidation sites have not 
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been identified, cysteine and methionine residues are 
likely to be involved, as air-induced oxidation can 
be inhibited either by methionine, glutathione, or 
acetylcysteine (Osterberg and Fatouros, 1996) and 
chloroamine T-induced oxidation of FVIII can be 
inhibited significantly also by methionine or cysteine 
in 10-fold molar excess (Stief et al., 2000). In fact, 
significant amount of FVIII aggregates were found 
to be reducible, suggesting possible oxidation of free 
cysteines (or disulfide exchange) (Wang and Kelner, 
2003). Another line of supporting evidence for the 
possible involvement of free cysteines in FVIII inac- 
tivation is the rapid loss of FVIII activity upon mod- 
ification of the free cysteine groups (Austen, 1970). 
However, not all the free cysteines are required for 
full FVIII activity (Manning et al., 1995). 

The FVIII molecule is large and complex. Lim- 
ited data suggest that residues 721-729 (Kjalke 
et al, 1995), and some amino and lysine groups 
(Manning et al., 1995) are essential for FVIII activ- 
ity (Manning et al., 1995). The hemophilia database 
(http://europium.csc.mrc.ac.uk) reveals that mutation 
of FVIII can occur on a single amino acid at more 
than 200 sites, and the mutated FVIII is partially or 
completely non-functioning. Therefore, loss of FVIII 
activity in vitro could result from a modification 
of a critical sequence or even a single amino acid. 
Therefore, complete delineation of FVIII inactivation 
mechanism is a daunting task. 



5. Conclusions 

Although significant progress has been made in the 
past several decades in understanding FVIII struc- 
ture and stability, our knowledge can be enhanced 
by further investigations. The major areas of future 
research include: (1) evaluation of the high-resolution 
three-dimensional structure of the protein and the 
ternary pre-coagulant complex; (2) stabilization mech- 
anism of FVIII in both the liquid and solid states, 
and (3) the role of the multiple mechanisms that ap- 
pear to be involved in degradation of the co-factor 
both in vivo and in vitro. Through further efforts, 
we may achieve the goal of developing a more sta- 
ble, convenient, economical, and safe FVIII product 
to further improve the quality of life for hemophilia 
patients. 
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Questions 
hemophilia 
patients are 
asking: 

" Do recombinant Factor VIII 
products contain human 
blood elements?" 



Yes, they do. The factor proteins themselves are 
not derived from human blood They are 
made from animal cells. However, all ficensed 
recombinant Factor VU1 products contain 
albumin, which is necessary for precrving 
dn: factor proteins in recombinant factor 
produce. Albumin is derived from 
f tooled human plasma, much the same 
wcy as plasma-derived factor products. 

Today chert: are many effective safeguards ; 
agxvnst viral contamination of products 
mace from human plasma. Safeguards 
Alpha Therapeutic Corporation® uses in 
rnanu&cTLiring its plasma-derived factor 
products include affinity chromatography, solvent 
detergent treatment, heat treatment and 
nanofiltnuion. These lands of safeguards mean 
that both pLisirji-derived and recombinant factor 
produces are very safe and effective. 

For more infaznution aoouc Alpha Therapeutic Corporation* 
coigularion racror produces, wrte tcz Alpha Therapeutic 
Corporation, 5555 Volley Boulcvtud Lo* AngefevCA 90032 
or call cott act 1 (800) 292-6! 1 8 or whit our web site at 
ciipkichtr.com. 
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ANTIHEMOPHILIC FACTOR (HUMAN 
ALPHANATE® 

Solvent Detergent/Heat Treated 

DESCRIPTION 

Antihemophilic factor (Human), Alphanate* Solvent Oetergent/Heat 
Treated, is a sinde dose, sterile. lyophflized concentrate of Factor '7111 
( AHF) intended for intravenous administration in the treatment of 
nemcpMIia A, or acquired Factor VIII deficiency. 

Aiphanate s is prepared from pooled human plasma by cryopredprtation of 
the Factor Vlll, fractional solubilization, and further purification employing 
heparirvcoupied, cross-linked agarose which has an affinity to the heparin 
binding demair. of WWFVUI:C complex. 1 The product is treated wilh a 
mixture of iri(n-butyl) phespnate (TNBP) and pofysorbste 80 to reduce the 
risks of transmission of viral infection. In order to provide an additional 
safeguard against potential non-Jipid enveloped viral contaminants, the 
product is also subjected to a 30*C heat treatment stec for 72 hours. 
However, nc procedure ^as been shown to be totally iffective in removing 
viral infeciivity from coagulation factor products. 

Alohanate* is labeled with the antihemophilic factor potency (Factor VII!:C 
activity) expressed ;n International Units (IU) cer viai. //Mich is referenced to 
the WHO International Standard. 

Alphana*-5* contains Albumin (Human) as a stabilizer, resulting in a final 
cmtainer concentrate with a specific activity of at least 5 IU FV!!J:C/mg total 
protein. Prior to the acdition of the Albumin (Human) stabilizer, the specific 
activity is significantly higher. 

When reconstituted wit 




J* 



t*1 



» i^pai ii u i w - ww i %j f i ii^uun ic/ u, P4 1 y J ? o. » 1 1 <y ii ii'dazole/mLi SO " av 
mrrci araimne/L; NMT 1.0 ug polyethylene glycol and oolysorbate 80/IU 
FVIIlrC; h\V7 10 n£q sodium/vial; and NMT 0.1 pg T^BP/IU FVUI C. 

CLINICAL PHARMACOLOGY 

Antihemophilic Factor (Human) is a constituent of nom* clasma and is 
required for clotting The administration of Aiphanate* temporarily increases 
the plasma level or this oicrting factor, thus minimizing the hazard of 
hemorrhage. 23 Folicwxg the administration of AJphanate* during cSnical 
T.sls. the -ean in v/vc half-iife of Facor Vlll observed in 12 adult subjects 
wsh severs hemophilia A was 17.9 ± 5.5 hours. In tfiis same study, the in 
vf/o reccvery was 96.7 ± 14.5% 3t 10 minutes posting is^n. 4 Reccvery at 
10 minutes pestinfusion was a:sc determined as 2.4 ± Ca IU FVIII rise/dL : 
pfasma per ! J Fvlll infused/kg body weight. 4 



Hie solvent detergent rrsament orccess has been si* own by Hcrcwttz, et 
a;., tc provice a hign level of virus <ia without compromising protein 
structure and functicn. 5 The susceptibility of numan psthogenic viruses 
sucn as T.e human immunodeficiency viruses, hepatris viruses, as well as 
narker vrjses such as sinobis vir js apd vesicular stomatitis virus (VSV). to 
inacov3tor zy organic scivent aetergen: treatment te.s been discussed in 
the literature. 6 



hro://w'A^.3!rhathcr.cc.T'yproducts / ^ alpha.htra 



7/19/99 



882/CENTEON 



Gamma r-P J.V. — Cont. 



10 » Allow the produce vial to remain undisturbed for i 
minutes alter diluent addition. Do not rouch or nu.x 
during this :ime, 
1 1 1 After h minutes, mix the product vial by gently swirl- 
in? the v:al without creating excessive foam. Never 
shake the product viai. 
Note: A syrup-like layer may remain on the bottom of 
the v-ial following reconstitution. Swirl gently ;o 
disperse th:s layer until a homogenous solution 
is obtained. 

12': Examine solution. All unreconstituted product should 
dissolve with gentle swirling and the solution should 
be clear and readv to administer in 20 minutes or 
less. 

13) Product contains no preservative. Infusion must be 
initiated within 3 hours of reconstitution. If not used 
within this time frame, it should be properly disposed 
of and not administered. 

14 > Reconstituted product does not need to be filtered. If a 
filter is used, it should be a 15 micron filter or larger. 

15) If several doses of Immune Globulin Intravenous 
(Human;. Gammar®-P I.V., are to be pooled asepti- 
cally for administration, avoid excessive formation of 
foam in the pooling container and gently swirl the 
pooling container to mix. DO NOT SHAKE THE TOOL- 
ING CONTAINER. 
Administration 

CAUTION: When entering the product stopper with an IV 
sec spike for administration, care should be 
taken to follow the path made by the transfer 
spike i see Reconstitution). 

Immune Globulin Intravenous (Human), Gammar®-P I.V. 



Tan S. ci jL Acute Renal Failure Resulting from Ir...uve. 
nous Immunoglobulin Therapv. Arch Xcurol. 1993; 50i2>: 
137-139. 
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:n 13 patients was performed in which ih* k. 
covcry of rAHF with high levels or this c.vb,2 , « 
was compared to that with HELDCATE. w nt i 
levels of this structure. As :n the normal papui* 1 *** 1 ^ 
tients had preexisting endogenous annbodv * li °*-«S\ 
a 1-3 galactose in titers ranging from 1.22Q, 
no significant change in antibody level walnmV^^ 
study. While the mean recovery for HEUXA7* Un ' 




Antihemophilic Factor 

(Recombinant) 

HEUXATEO 



tose a 1—3 galactose is not significantly , 
2.45'fJU/Ttg recovery obtained in the iarir 
55 patients treated with HELIXATE mcnt, 6 * 0 



tiOft^ 



DESCRIPTION 
Antihemophilic Factor ; 

punned. 



sterile, stable. 



; Recombinant). HELIXATE® is a 
non-pyrogenic. dned concentrate 
which has been manufactured by recombinant DNA tech- 
nology. HELIXATE is intended for use in therapy of classi- 
cal hemophilia (hemophilia A). HELIXATE is produced by 
Baby Hamster Kidney -3HK) cells into which the human 
factor VIU iFVIII) gene has been introduced. 1 HELIXATE is 
a highly purified glycoprotein consisting of multiple pep- 
tides including an 80 kO and various extensions of the 90 
IcD subunit. It has the same biological activity as rVTH de- 
rived from human plasma. In addition to the use of the clas- 
sical purification methods of ion exchange chromatography 
and size exclusion chromatography, monoclonal antibody 
immunoaffinity chromatography is utilized along with other 



Based on these results, the galactose a 1-3 - 
due appears to have no dinicai significance. ^ 
INDICATIONS AND USAGE 
HELIXATE is indicated for the treatment of cUjsw ■ 
philia i hemophilia A) in which there is a HoJT^^ 5 ** 



I hemophilia 

ficiency of activity of the plasma dotting facioT f^* 1 * 
HEUXATE provides a means of temporarily k^Z ^ 
missing ciocting factor in order to correct ar' pjj^* 
ing episodes, or in order to perform emergency and ' 
surgery : in hemophiliacs. 
HELDCATE can also be used for treatment of h 



,! 



steps designed to purify recombinant factor VTH (rAHF) and 
is to be administered by intravenous infusion. The infusion D remove contaminating substances. The final preparation is 
should begin at a rate of 0.01 mLTvtf minute, increasing to I stabihzed with Albumin i Human) and lyophilized. The con- 
0.02 mLKg/minute after 15 to 30 minutes. Most patients \ centration of HELDCATE is approximately 100 IU/mL The 



tolerate a gradual increase to 0.03 - 0.06 mL/Kg/minute. 
For the average 70 kg person this is equivalent to 2 to 4 
mL minute. If adverse reactions develop, slowing the infu- 
sion rate wiil usually eiirainate the reaction. Discard any 
unused solution. 

Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administration 
whenever solution and container permit. 

HOW SUPPLIED 
Individual Vial Packages 

Immune Globuiin Intravenous { Human). GammarS^P I.V. 
;s supplied in singie dose vials, with diluent and stertie. 
vented transfer spike for reconstitution. The 10 g dosage 
form package also contains an administration set. The fol- 
lowing dosage forms are available: 
[See table at top of previous pagei 
Bulk Package 

Immune Globulin Intravenous iHumanJ, Gammar£-P I.V.. 
5 i immune globulin/vial :s supplied in a bulk pack 'NDC 
0053-7486-06) of six - 6) single dose vials. Each single dose 
vi ai should be reconstituted with 100 mL Sterile Water for 
Injection. U.S.?. 1 not supplied). 
STORAGE 

When stored at temperatures not exceeding 25*C (77"F\ 
Immune Globulin Intravenous (Human), Gammar$»P I.V.. : 
is stable for the period indicated by the expiration date on j 
its label. Avoid freezing which may damage container for the j 
diluent. j 
CAUTION: FEDERAL LAW PROHIBITS DISPENSED 1 
WITHOUT PRESCRIPTION. ! 
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product contains no preservatives. 
I Each vial of HELIXATE contains the labeled amount of 
i rAHF in international units ;IU). One IU. as denned by the 
World Health Organization standard for blood coagulation 
■ factor Vm. human, is approximately equal to the level of 
factor VHI activity found in 1.0 mL of fresh pooled human 
plasma. The final product when reconstituted as directed 
contains the following excipients: 10-30 mg giycine/mL. not 
more than (NMT) 500 ug imidazole/1000 IU. NMT 600 ug 
polysorbate 30/1000 IU. 2-5 mM calcium chloride. 100-130 
raEq/L sodium. 100-130 mEq/L chloride, and 4-10 mg Al- 
bumin < Human VraL. HELIXATE must be administered by 
the intravenous route. 

CLINICAL PHARMACOLOCY 

The clinical triai of HELLXATE has inc-uded 168 patients, 
enrolled over a 55-month period. A total of 16.186 infusions 
have been utilized in this trial. The study was conducted :n 
several stages. 

Initial pharmacokinetic studies were conducted in 17 
asymptomatic hemophilic patients, comparing pharmacoki- 
netics of ptasma-denved Antihemophilic Factor ! Human i 
? pdAHF) and HELDCATE.* The mean biologic half-life of 
rAHF was 15.8 hours. The mean biologic half-life of pdAHF 
in the same individuals was 13.9 hours. A similar degree of 
shortening of the activated partial thromboplastin time was 
seen with both rAHF and pdAHF. The. mean in vivo recov- 
ery of rAHF was similar to pdAHF. with a linear dose- 
response relationship. The recovery and half-life of rAHF 
was consistent with initial results following 13 weeks of ex- 
clusive treatment with HELDCATE. Subsequently. 826 re- 
cover}' studies were conducted in 58 hemophilic patients 
participating in ":acer clinical studies. Mean recovery from 
th;s group was 2.4cV> per fU/kg -Infused. 
Fourteen ll4J subjects from initial pharmacokinetic studies 
commenced home treatment with rAHF. Forty-four (44) ad- 
ditional subjects were then enrolled who treated themselves 
at home exclusively with rAHF. A total of 12.730 infusions 
have been administered under this portion of the study, of 
which 1.021 were given in clinic for recovery studies. 7,239 
were ^iven for treatment of bleeds. 4.361 -»ere given as pro- 
phylaxis. 5 for minor surgery not requiring hospitalization, 
and 4 for unspecified reason. 

Forty-eight US) patients have received rAHF on 63 occa- 
sions for surgical procedures or in-hospitai treatment of se- 
rious hemorrhage. Eleven ill: received rAHF for the Srst 
t:me :n this study, while 37 were already an study or study 
participants under an investigation of previously untreated 
patients. Hemostasts has been satisfactory in ail cases, with 
no adverse reactions. 

In a study of previously untreated patients, a total of 3.254 
infusions have been administered to 96 patients over a 48- 
month enrollment period. Hemostasis was successfully ' 
achieved in all cases. j 
During the analytical characterization of Antihemophilic ; 
Factor 'Recombinant). HELDCATE*. analyses for carbohy- j 
drate structure revealed the presence of terminal galactose j 
a 1—3 galactose residues. Since naturally occurring anti- 



. in certain patients with inhibitors to factor Vflt^^ 
| studies of HELDCATE, patients who developed inhibS* I 
| study continued to manifest a clinical response when ^ I 
J itor titers were less than 10 Bethesda Units (B.U i I 
j When an inhibitor is present, the dosage require^ » 
\ factor VHI is variable. The dosage can be deterromtd 4 } 
j by clinical response, and by monitoring of rirculauarfto 1 
VIII levels after treatment see DOSAGE AND AO MTV; ? 
i TRATION). ^ * I 

j HELIXATE does not contain von WiHebrand s factar « < 
j therefore is not indicated for the treatment of vo„ * 
■ brand's disease. t 

! CONTRAINDICATIONS j 

j Due to the met that Antihemophilic Factor Rerombmr I 

I contains trade amounts of mouse protein » maximum 3.C ) 

! ng/TL rAHF) and hamster protein 'maximum 0.04 r.fT. \ 

: rAHF\ HELLXATE should be administered with autw: ! 

• individuals with previous hypersensitivity to pdAHF r \ 

! known hypersensitivity to biologic preparations with j 

amounts of murine or hamster proteins. j 

Assays to detect seroconversion to mouse and hams^r r» J 

tein %-ere conducted on all patients on study. No pauw: u j 

developed specific antibody titers against these protons* J 

ter commencing study, and no allergic reactions ha« m j 

associated with rAHF inrusions. Although no reactions «r» : 

obsenec. parients should be warned of the theoretiai | 

sibiiity of a h>-persensirivity reaction, and alerted to tat j 

eariy signs of such a reaction 'e.g.. hives, genera ii ted rt J 

caria. wheezing and h}*potension;. Patients shouid x ^ j 

vised to discontinue use af the product and contact '2£ . 

phj*sician if such symptoms occur. j 

WARNLNCS j 
None. \ 

PRECAUTIONS | 

Gen«faf . 

HELIXATE is intended for the treatment of bleedini i 

ders arising from- a denciency in factor VHI. This deoo**. ; 
shouid be proven prior to administering HELTL\TS ^ 

The development of circulating neutralizing aniiboa** - . 

factor Mil may occur during the treatment of P at,e ^° fl .^ . 

hemophilia A In a study of previously untreated • 
inhibitor antibodies have developed in 17 of the 92 P* 



body to this structure has been reported :n humans, a trial 
Mormaoo** w« b* tup*f%*09C by utppW^ts *#»d *ob*«ov^n tdrtiom 



i I8.5^b) who have had at least one follow-up "ter. Tl* 
dence of antibodies is 15V56 l26.7%) in patients 
disease -<2«t factor VIU). 2/18 (11%) in patients ^ 
erate disease (2-o% factor VIU) and 0/18 in ?** n " 
mild disease t>5* factor VUI>. Ten of the antibody rf 
high titer i> 10 Bethesda Uaitsl. three were *.o* 
four were low titer and transient Studies m<wt e 
sembiing the design of the study of uihibi tor dev«^ 
with Antihemophilic Factor ( Recombinant I. H V^ rt y 
have reported incidences of inhibitor foimition ra£ ; ^ r> 
tween 15.4 and 52*"o for patients treated with pdAJ- ^ y 
incidence of inhibitor formation in previously """^L^srs 1 
tients -oeated with HELIXATE appears to ^J 0 ^^ 
with that reported in the literature, however t! *. > 
munogenicity of HELIXATE is not known at orr rZ^-f 
tients treated with rAHF should be carefully a**' & 
the development of antibodies to rAHF by appmp^ 
ical observation and laboratory tests. . 
Product administration and handling of the mw» 
needles must be done with caution. Percut:i 
with a needle contaminated with blood can l* 3 "* ^ * \ 
ttous Wrus including HIV (AIDS) and hepant" ^ ! 
mediate medical attention if injury occurs. 
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iharps container after single use. Discard 
i*"*** .^iudm^ any reconstituted HELDCATE prod- 
Il^^snce biohatard procedures. 
^ 3> £ Mutagenesis. Impairment of Fertility 



Expected factor Mil increase * » units ad ministered < 2*>/IL7kg 

body weight «kgj 



^Juatton ul :ne mutagenic potential oi HELIXATE 
^ftO»^ oflsu-au* reverse mutation or chromosomal ab- 
W den>o ^ <u0S i 3 nt;aily greater than the maximum 
0t4***- * te3 \ dose- ^ --ivo evaluation of rAHF using 
A^rf** i^pfceen 10 i*d" ^0 l :nies the expected clinical 
indicated :hat HE LOCATE does not possess a 



_ .[so inu' w "- w : . / 

i™ 0 ^- ni: ji. Long-term :nvestigations of carcmo- 



.q miraata nave :ot oeea penormea. 



fitoro** 0 . fia " M "' and orcv.ouslv untreated patients 
ri IMCAL PHARMACOLOGY and PRE- 

Ssn^c ... 

fl**** 0 ^ -wiuc'ion stucies nave not been conducted with 
jU mtfEJU ^ n0 t known whether HEUXATE can 
Hfl^jL^ when administered to a pregnant woman 
*** ^production capac.ty. HEUXATE should be 
* t p^P 1 * 1 * 1 woraaJJ oaJv * clearty needed. 
S«SSE REACTIONS 

7_. ^ dinical studies conductea in previously heated 
JS^Vtf out of 12.932 miusions t0.36r*) were associated 
£T« report** minor adverse reactions. Of these. 19 re- 
**Lg were iocaJ to the injection site ie.g.. burning, pruri- 
<tSX *** t k em4 ) : ^d 39 were systemic complaints (dizziness, 
^STSiest discomfort, sore throat, cold feet, unusual 
Jj^Jift fflouth. and slight decrease in blood pressure). In 
ifgadr with previously uncreated patients. 3.254 iniu- 
tV jjeea associated with 11 minor adverse reactions 
!o34%fc Twn reports of erythtma at the injection site, one of 
kid iuahiflC reiated to the infusion, one report of diar- 
,00. cwo reports of nonspecific rash, two reports of fever, 
sod three reports of emesis. No serious reactions have been 
-rpprced, and ail reactions have been self-limited. 

DOSAGE AND ADMINISTRATION' 
K*ca 'oooii of HEUXATE has the rAHF content in interna- 
aauj muts per bottle stated on :he label of the bottle. The 
imacsdcuted product must be administered intravenously 
by either lirect syringe or drip infusion. The product must 
be administered vithm 3 hours a*er reconstitution. 
GwwaJ Approach to Treatment and Assessment of Tr»at- 
iiwtti Efficacy 

Tb* douses described heiow are presented as general 
njidance. It should be emphasized that the dosage of 
HZUXATE recxred fcr hemostasia must be individualised 
■cmrdiag to the needs si :he paceat. the severity of the de- 
5o«oct. ±e sevenry of the hemorrhage, the presence of in- 
hibitor*. *nd ±e factor VILI ievei desired. It is often critical 
to follow the coarse of therapy wiih. factor Vm level assays. 
7t» cUaicai effect oi HELTCATE is the most important ele- 
ment la evaluating :he *?ectiveness of treatment. It may be 
o«wy to adcruster more KZLDCATE than would be es- 
tmited in order jo attain satisfactory c linical results. If the 
<*kul*ted dose fails to attain the expected factor VTH lev- 
jjk or -S bieediaj is not controlled after administration of 
tbtctkuuied dosage. :he presence of a circulating inhibitor 
» tbe pstient should be suspected. Its presence should be 
nu»uatut«d and the inhibitor levei quantitated by appro- 
P™** *boatory tests. When an inhibitor is present, the 
reouirtaent for rAHF is extremely variable and the 
***** can be determined onJv bv the rliniral response. 
f» paoents w,th low titer "inhibitors «10 B.U.) can be 
"^n&T treated with factor MO without a resultant an- 
2^*^ rjt inhibitor Titer/ ? actor vm levels and clin- 
njpoo^ ^treatment ^ust he assessed to insure ace- 
tt p r " p ^ l3< - , - s * ot " ai^raauve treatment products, such 
foj*!° T Co »P'ex coocentrates. Anuhemophilic Factor 
w Anti'Inhibitor Coagulant Complex, may be aec- 
Zj? or ^^nts with anamnestic responses to factor VTII 
***** high titer inhibitors. 

is^J^ J^^nt elevatiop. : n factor VIII level can he es- 
***t •* 3 " ,:i?iv ^? --e dose of rAHF per kilogram of 
*wadto? bv :r " c - 711:5 method of calculation is 

*»t*d in 5ndia 5 $ b >" Abiic;aard et al. 3 and is Olus- 

^••^odubie abnve. 



r. oroven to be *afe and erScacious :n 



;art*n -vrjie oncer investigation as previ- 



Example for a TO kg adult: = 1400 IU x 2r c /TU/Vg ^ 40^ 

TOltlr 



Dosage required iR."- = body weight ;kg) .< desired ^ factor VIII increase 



Example for a 15 kg child: = 15 kg x 100r g 

art/iu/kg 



s 750 IU required 



Product Cod* 

NDC 0053-3120-01 
NDC 0053-3120-02 
NDC 0053-3120-04 



Approximate Factor VIII 
Activity 

250 ru 
500 ru 

1000 ru 



D3u*nt 

2.5 mL 
5 mL 
10 mL 



TU^^'^bove; 



aweuar/ »x achieve hemostasis depends upon 



^ JbUo^. ** v *ruy c: ute bleeding episode, according :o 
^1 Jtnerai Adelines: 



*ar!> he.T.orrhag-s nay respond to a sin- 
^t^ iv ? * r eading » an :n vivo rise of ap- 
i? l> P»»t«rf , :n :he fac:or !evel - Therapy need not 
J^V^7° ,J oless there :i ^-de=ce of further bleeding. 

't^Z** 3 bi «^--.g ep:sodes 'e.g.. de6nite heaar- 
' traucij . the factor VI II level shouid be 



raised to 30-50% by administering approximately 15-25 IU 
j per kg. If further therapy is required, a repeat infusion can 
be given at 12-24 hours. 10 

* Sev+re Ktmoi » fve^e 

[ In patients with life-threatening bleeding or possible hem- 
! orrhage involving vital structures (e.g., centra] nervous syv 

• tern, retropharyngeal and retroperitoneal spaces, iliopsoas 
: iheathi, the factor VTTI level should be raised to 30-100% of 
: normal in order to achieve hemostasia. This may be 
: achieved with an initial rAHF (Antihemophilic Factor (Re- 
; combinant), HELIXATE^) dose of 40-50 IU per kg and a 

maintenance dose of 20-25 IU per kg every 3-12 hours. ^ 12 
Surgery 

For major surgical procedures, the factor VTII level should 
be raised to approximately 100% by giving a preoperative 
dose of 50 lU/kg. The factor VIU level should be checked to 
\ assure that the expected level is achieved before the patient 
; goes to surgery. In order to maintain hemostatic levels, re- 
: peat infusions may be necessary every 6 to 12 hours ini- 
: aaily. and for a total of 10 to 14 days until healing is com- 
plete. The intensity of factor VHT replacement, therapy re- 
. quired depends on the type of surgery and postoperative 
regimen employed. For minor surgical procedures. less in- 
. tensive treatment schedules may provide adequate hemo- 
stasis.--^ i 

■ Prophylaxis 

; Factor VIU concentrates may also be administered on a reg- ; 
ular schedule for prophylaxis of bleeding, as reported by ' 
Nilsson et ai. : * 
Reconstitution 
Vacuum Transfer 

1. Warm the unooened diluent and the concentrate to room - 
temperature (NMT 3T*C. 99'Fl. ' 

2. After removing the plastic nip-top caps (Fig. A), asepti- ! 
cally cleanse the rubber stoppers of both bottles. j 

: 3. Remove the protective cover from the plastic transfer j 
needle cartridge with tamper- proof seal and penetrate : 

■ the stopper of the diluent bottle (Fig. B). j 
; 4. Remove the remaining portion of the plastic cartridge, in- i 

vert the diluent bottle and penetrate the rubber seal on j 
the concentrate bottle iFig. C) with the needle at an an- [ 

gie. ; 

Alternate method of transferring sterile water. With a j 

sterde needle and syringe, withdraw the appropriate vol- ; 

ume of diluent and transfer to the bottle of Iyophilized ; 

concentrate- ! 

5. The vacuum will draw the diluent into the concentrate ! 
bottle. Hold the diluent bottle at an angle to the concen- i 
trace bottle in order to direct the jet of diluent against the ' 
wall of the concentrate bottle tFig. C). Avoid excessive ! 
foaming. j 

6. After removing the diluent bottle and xnmsfer needle j 
iFig. D). swirl continuously until completely dissolved ; 

(Fig. zi ; 

7. After the concentrate powder is completely dissolved, i 
withdraw solution :nto the syringe through the niter nee- \ 
die which is supplied in the package (Fig. P. Replace the 
liter needle with the administration set provided and in- | 
jec: intravenously. 

3. If the same patient ;s 'jo receive more than one bottle, the j 
contents of two bottles may be drawn into the same sy- | 
rmge through a separate unused 51ter needle before at- j 
caching the vein needle. 

tSee Spires A-F in next column; 
Rat* of Administration 

The rate of administration should be adapted to the re- 
sponse of the individual patient, but administration of the 1 
entire dose in 5 to 10 minutes or less is well tolerated. ! 
Parenteral drug products should be inspected visually for ' 
particulate matter and discoloration pnor to adrninistra- ? 
tion. -whenever solution and container permit 
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■ HOW SUPPLIED 

' Antihemophilic Factor ( Recombinant). HEUXATE® is sup- 
plied in the following single use bottles with the total units 

: of factor VTC activity stated on the label of each bottle. A 
suitable volume of Sterile Water tar Injection. USP, a sterile 
double-ended transfer needle, a sterile filter needle, and a 

i sterile administration set are provided. 
[See. fifth table abovel 
STORAGE 

HEUXATE should be stored under refrigeration (2*-3*C: 
36"— UPF). Storage of Iyophilized powder at room tempera- 
ture (up to 25*C or 77* F) for 3 months, such as in home 
treatment situations, may be done without loss of factor 
vm activity. Freezing should be avoided, as breakage of the 
diluent bottle myght occur. Do not use beyond the expiration 
date indicated on the bottle. 
CAUTION 

U.S. federal law prohibits dispensing without prescription. 
LIMITED WARRANTY 

A number of factors beyond our control could reduce the ef- 
ficacy of this product -or even result in an 31 effect following 
its use. These include improper storage and handling of the 
product after it leaves our hands, diagnosis, dosage, method 
of administration, and biological differences in individual 
patients. Because of these factors, it is important that this 
product be stored properly, and that the directions be fol- 
lowed carefully during use. 

No warranty, express or implied, incl ud i n g any warranty of 
merchantability or fitness is made. Representatives of the 
Company are not authorized to vary the terms or the con- 
tents of the printed labeling, including the package insert 
for this product, except by printed notice from the Compa- 
ny s headquarters. The prescriber and use of this product 
." must accept the terms hereof 
j.^ ^* y^ jfry^j^ 
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